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?(!∗,0.6!,.!19(!∋55,−/∋.8∃.4!6∋1∋!ΑΑ!Μ%((!//Κ!Φ[ςΗΦ[Γ!∗,#!∋!)∃%1!,∗!19(!ΑΑ!
5,.1(.1%ΝΚ!
!
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<9∃%!#(%(∋#59!∋)%,!5,.1#∃?01(%!19(!∃.∃1∃∋)!/9∋%(%!,∗!4(.(#∋1∃.4!.(=!>.,=)(64(2!
!
• ∀!∃.∃1∃∋1(6!19(!6(3(),/−(.1!,∗!∋!.(=!−(19,6!∗,#!6(3(),/∃.4!.(=!=,#>%Λ!?∋%(6!,.!
/#,5(60#∋)!?)(.6∃.4Λ!=9∃59!∀!?()∃(3(!∋#(!∋)%,!∋//)∃5∋?)(!∗,#!(605∋1∃,.∋)!/0#/,%(%!,#!∃.!
∃.1(#6∃%5∃/)∃.∋#8!#(%(∋#59!%(11∃.4%Κ!∀!(.3∃%∋4(!19∃%!∋%!∋!5,.1#∃?01∃,.!1,!19(!6(3(),/−(.1!
,∗!%,0.6!∋#1!/#∋51∃5(!?8!(Ι1(.6∃.4!9,=!.(=!∃./01%!−∋8!?(!∃.1(4#∋1(6!∃.1,!∃1Κ!∀1!∃%!
,01)∃.(6!∃.!Ξ9∋/1(#!+,0#!//Κ!⊥∆Η⊥ΨΚ!
• ∀!9∋3(!5#(∋1(6!∋.6!−∋6(!∋3∋∃)∋?)(!∋!5,))(51∃,.!,∗!∃.1(#3∃(=%Λ!.(=!=#∃1∃.4!∋%!/∋#1!,∗!19(!
,.)∃.(!−∋4∋Π∃.(Λ!∋.6!=,#>%9,/!#(/,#1%Λ!=9∃59!=∃))!∋)),=!∗010#(!#(%(∋#59(#%!1,!1(%1!−8!
5,.5)0%∃,.%!∋.6!6(3(),/!,19(#%!Μ19(!%((!∋55,−/∋.8∃.4!6∋1∋!ΑΑΝΚ!
• ∀.!∋66∃1∃,.!1,!19(!−∋∃.!5,.5(#.!,∗!19∃%!19(%∃%Λ!∀!6(3(),/(6!19(!.,1∃,.!,∗!∋06∃,Η3∃%0∋)!
%/∋1∃∋)∃18!∃.!%5#((.Η?∋%(6!=,#>%!∋.6!(Ι/),#(6!#(%/(51∃3(!%1#∋1(4∃(%Κ!<9(%(!=(#(!%(1!,01!
∃.!∋!/∋/(#!6()∃3(#(6!∋1!∆∃∃−#.∗∆∀∋#,=!∋!/#∋51∃5(Η)(6!#(%(∋#59!%8−/,%∃0−!∋1!Θ∋19!Ζ/∋!
7.∃3(#%∃18!∃.!α,3(−?(#!∆ΕΦΤΚ( !
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<9∃%!/#∋51∃5(Η?∋%(6!Β9Α!#(%(∋#59!(−(#4(6!∗#,−!−8!,=.!5#(∋1∃3(!/#∋51∃5(!∋%!∋!%,0.6!
∋#1∃%1!∋.6!50#∋1,#Κ!<9∃%!9∋%!∃.3,)3(6Λ!∗,#!∃.%1∋.5(Λ!(.4∋4∃.4!=∃19!5,.1∃.0∋))8!6(3(),/∃.4!
1(59.,),4∃5∋)!1,,)%!Μ#∋.4∃.4!∗#,−!(∋#)8!%1∋.6Η∋),.(!Χ∀Α∀!%(≅0(.5(#%!1,!%,∗1=∋#(!%059!∋%!
Χ∋ΙγΧΖΒΝΛ!5#,%%,3(#!∃.1,!,19(#!4(.#(%Λ!∗,#!(Ι∋−/)(Λ!⊥Εϑ%!∀ΑΧ∆!∋.6!∃−/#,3∃%(6!3,5∋)!
/(#∗,#−∋.5(Λ!∋.6!=,#>∃.4!∃.!6∃∗∗(#(.1!5#(∋1∃3(!6∃%5∃/)∃.(%!#∋.4∃.4!∗#,−!−0%∃5!1,!3∃6(,Κ!!
<9∃%!5,−/)(Ι∃18Λ!6(%5#∃?(6!∋%!5∋)&−5∀,()κΤ∗=∃19∃.!19∃%!19(%∃%Λ!?#,0491!=∃19!∃1!19(!.((6!1,!
(3∋)0∋1(!∋.6!/,%%∃?)8!1,!∋?%,#?!∋!5,.1∃.0,0%!∗),=!,∗!(Ι/(#∃(.5(%!∃.1,!−8!/#∋51∃5(Λ!∋!
%∃10∋1∃,.!19∋1!∃%!59∋))(.4∃.4Λ!?01!∋)%,!/#,3∃6(%!∃−−(.%(!∃.%/∃#∋1∃,.!∋.6!>((/%!/#∋51∃5(!
∗#(%9Λ!=9∃)(!%1∃))!6(3(),/∃.4!5(.1#∋)!5,.5(#.%Κ!∀!9∋3(!∗,0.6!∃1!6∃∗∗∃50)1!1,!∃6(.1∃∗8!∋.6!
5,−−0.∃5∋1(!19(!5(.1#∋)!5,.5(#.%!=∃19∃.!19∃%!5,.%1∋.1!∗)0Ι!∋.6!59∋.4(Κ!+0#19(#−,#(Λ!
−0%∃5Λ!∋.!∃−/,#1∋.1!∋%/(51!,∗!−8!/#∋51∃5(Λ!5,.1∃.0(%!1,!∃.9∋?∃1!∋!/#,?)(−∋1∃5!/,%∃1∃,.!
=∃19∃.!%,0.6!∋#1!6∃%5,0#%(!∋.6!∀!=∃))!(Ι/),#(!19∃%!%∃10∋1∃,.!∃.!Ξ9∋/1(#!χ.(Κ!Θ8!∋.6!)∋#4(Λ!∀!
?()∃(3(!19∋1!19∃%!−0)1∃∗∋5(1(6!∋%/(51!,∗!−8!=,#>!/#,3∃6(6!19(!?#((6∃.4!4#,0.6!∗,#!19(!
∃.5(/1∃,.!,∗!19∃%!19(%∃%!∋.6!19∋1!∃1!=∃))!∋)%,!?(!/∋#1∃50)∋#)8!0%(∗0)!∗,#!19(!%1068!,∗!%059!
/#∋51∃5(%Κ!
!
∀.!−8!0.6(#%1∋.6∃.4Λ!%059!/(#%,.∋)!(Ι/(#∃(.5(%!5∋.!9∋3(!∋.!∃−/∋51!,.!19(!=∃6(#!=,#)6!,∗!
%,0.6!∋#1!∋%!∋!%,0#5(!,∗!59∋.4(!∋.6!6(3(),/−(.1Λ!0.6(#%5,#∃.4!19(!.((6!1,!(Ι/),#(!%059!
(Ι/(#∃(.5(%!∗0#19(#Κ!+,#!(Ι∋−/)(Λ!19#,049,01!19(!∆Ε19!5(.10#8Λ!(.4∋4(−(.1!=∃19!
6(3(),/∃.4!1(59.,),4∃(%!)(∋6!1,!/∋#∋6∃4−!%9∃∗1%!∃.!9,=!%,0.6!=∋%!0.6(#%1,,6!∋.6!−∋6(!
0%(!,∗Λ!,∗1(.!)(∋6∃.4!1,!6∃∗∗(#(.1!∋.6!%,−(1∃−(%!(3(.!,//,%∃.4!,015,−(%!=9(.!?#,0491!
∃.1,!6∃∗∗(#(.1!/(#%,.∋)!5#(∋1∃3(!/#∋51∃5(%Κ!δ9∃)(Λ!∃.!19(!7.∃1(6!Ζ1∋1(%Λ!ε,9.!Ξ∋4(!0%(6!
%,0.6!#(5,#6∃.4!1(59.,),4∃(%!1,!6#∋=!∋11(.1∃,.!1,!19(!%,0#5(!,∗!∋!%,0.6!∃1!Μ;∋Θ())(Λ!∆ΕΕ]Λ!
/Κ!∆ςΝΛ!∃.!+#∋.5(Λ!Β∃(##(!Ζ59∋(∗∗(#ϑ%!5∋7−Λ∋∃∗!∀#!9ς&∃κ∗#(%/,.6(6!1,!19(!%∋−(!1(59.,),4∃(%!
?8!∋∃−∃.4!1,!6(1∋59!∋!%,0.6!∗#,−!=9∋1!/#,605(6!∃1!Μ∃?∃6Λ!/Κ∆ΨΝΚ!!
!
Ζ,−(!6∃∗∗(#(.5(%!5∋.!?(!∋11#∃?01(6!1,!19(!6∃3(#%(!#,01(%!?8!=9∃59!∋#1∃%1%!(.1(#!19(!#(∋)−!
,∗!%,0.6!∋#1Κ!Χ∋.8!∋#1∃%1%Λ!%059!∋%!−8%()∗Λ!5,−(!∗#,−!∋!−0%∃5!?∋5>4#,0.6Λ!=9∃)(!,19(#%!
=(#(!1#∋∃.(6!∃.!∗∃.(!∋#1!ΜΣ,)∗!ε0)∃0%ΝΛ!−,3(−(.1!ΜΧ∋#∃∋..(!Α(5,%1(#Η<∋∃3∋)>,%>∃Ν!,#!(3(.!
)∋.6%5∋/(!6(%∃4.!ΜΞ∋#%1(.!α∃5,)∋∃ΝΚ!<9(%(!6∃∗∗(#∃.4!#,01(%!?#∃.4!=∃19!19(−!6∃3(#4(.1!
0.6(#%1∋.6∃.4%!,∗!%,0.6!∋%!∋!−(6∃0−!∋.6!9,=!∃1!5∋.!,#!,0491!1,!?(!0%(6Κ!<9(!3∋#∃(18!,∗!
5#(∋1∃3(!∋//#,∋59(%!∗,0.6!=∃19∃.!%,0.6!∋#1!9∋%!5,.1#∃?01(6!1,!/#,605∃.4!%,−(=9∋1!∗)0∃6!
                                            
∆!∀ΑΧ!Μ∃.1())∃4(.1!6∋.5(!−0%∃5Ν!∃%!∋.!()(51#,.∃5!−0%∃5!4(.#(!19∋1!6(3(),/(6!∃.!19(!(∋#)8!Φ⊥⊥Ε%Κ!
Τ!<(#−%!=9∃59!,.!∗∃#%1!0%(!∋#(!∗,)),=(6!?8!∋.!∋%1(#∃%>!5∋.!?(!∗,0.6!∃.!19(!&),%%∋#8!,.!//Κ!Φ[ΨΗΦ[[Κ!
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50##(.1)8!.,!∋4#((−(.1!=∃19∃.!19(!∗∃()6!∋%!1,!=9∋1!(Ι∋51)8!%,0.6!∋#1!∃%Κ!
!
Π3(Τ,#,&%∋1(&.∆#(
!
∀.!5,−−,.!=∃19!,19(#%!=9,!9∋3(!3,∃5(6!19(!.((6!∗,#!∋!#(Η∗#∋−∃.4!,∗!%,0.6!∋#1Λ!∗,#!
(Ι∋−/)(Λ!Ζ(19!Ω∃−ΗΞ,9(.!Μ∆ΕΕ⊥Ν!∋.6!Ξ9#∃%1,/9!Ξ,Ι!Μ∆ΕΦΦ∋ΝΛ!?,19!,∗!=9,−!∀!=∃))!5,−(!
?∋5>!1,!∃.!Ξ9∋/1(#!χ.(Λ!∀!?()∃(3(!19∋1!19(#(!∃%!∋!.((6!∗,#!∋!6∃∗∗(#(.1!∋//#,∋59!1,!19(!
5,.%∃6(#∋1∃,.!,∗!19(!∗∃()6Λ!,.(!19∋1!∗∋5∃)∃1∋1(%!6(?∋1(!=∃19∃.!∃1%!#∃59!∋.6!∗)0∃6!(.3∃#,.−(.1Λ!
#∋19(#!19∋.!∗,50%%∃.4!,.!9,=!1,!(%1∋?)∃%9!∃1%!(Ι∋51!1(##∃1,#8Κ!Υ,=(3(#Λ!=9∃)%1!Ω∃−ΗΞ,9(.!
%((>%!∋!%,)01∃,.!?8!5,.5(.1#∋1∃.4!,.!19(!5,.5(/1!,∗!∋!=,#>!Μ=9∃59Λ!∋%!−8!/#∃−∋#8!#(%(∋#59!
%9,=%Λ!−∋8!∃1%()∗!(−(#4(!∗#,−!/#∋51∃5(ΝΛ!∋.6!Ξ,Ι!∗,#(4#,0.6%!∋.!∋06∃(.5(ϑ%!%(.%,#∃∋)!
(Ι/(#∃(.5(Λ!∀!10#.!1,=∋#6%!19(!(Ι/(#∃(.5(!,∗!19(!−∋>(#!∃.!∋))!∃1%!∗∋5(1%Λ!1,!∃.5)06(!19(!
%(.%(%!∋.6!19(!−∃.6!∋%!∋%/(51%!,∗!/#,5(%%κΚ!Υ,=!5∋.!=(!1∋)>!∋?,01Λ!∗,#!(Ι∋−/)(Λ!∗#,−!∋!
/,∃.1!,∗!/#∋51∃5(Λ!=9∋1!∗),=(6!∃.1,!ε,9.!Ξ∋4(!=9(.!9(!=∋%!5#(∋1∃.4!9∃%!/(#50%%∃3(!=,#>%!
∃.!#(%/,.%(!1,!ΟΖ59,(.?(#4ϑ%!%1#0510#∋)!9∋#−,.8ϑ!ΜΞ∋4(Λ!Φ⊥⊥ΕΛ!,.)∃.(ΝΛς!,#!∃.1,!Χ∋Ι!
α(09∋0%!=9(.!−,3∃.4!∗#,−!/(#50%%∃,.!/(#∗,#−∋.5(%!1,!%∃1(Η%/(5∃∗∃5!/0?)∃5!∋#1!/∃(5(%!
%059!∋%!Μ−7&∃#!ΜΦ⊥ΨΨ!ΗΦ⊥]ΓΝλΓ!
!
<9(!=(∋)19!∋.6!6∃3(#%∃18!,∗!∃.∗)0(.5(%!∗,0.6!∃.!%,0.6!∋#1!/#∋51∃5(!∃.∃1∃∋))8!/#,−/1(6!−(!1,!
∋%>!9,=!∋#1∃%1%!∃.1(4#∋1(!19(!(Ι/(#∃(.5(%!∋.6!∃.∗)0(.5(%!19(8!(.5,0.1(#!∋.6!9,=!19(%(!
(Ι/(#∃(.5(%!∋#(!#(∗)(51(6!=∃19∃.!19(!=,#>!/#,605(6Κ!+0#19(#−,#(Λ!5∋.!19(!(Ι/),#∋1∃,.!,∗!
%059!−∋11(#%!)(∋6!1,!19(!6(3(),/−(.1!,∗!∋!.(=!)∋.40∋4(!19∋1!?#∃64(%!%,−(1∃−(%!
%((−∃.4)8!,//,%∃.4!3∃(=%Λ!%059!∋%!=9(19(#!(Ι1(.6(6!.,1∃,.%!,∗!−0%∃5!,0491!1,!?(!
∃.5)06(6!=∃19∃.!19(!6∃%5∃/)∃.(!,#!.,1λ!Ξ∋.!=(!0%(!/#,5(%%!∋%!∋!%1∋#1∃.4!/,∃.1!1,!0.#∋3()!
%059!5,.0.6#0−%λ!<9(%(!≅0(%1∃,.%!5,.6(.%(6!∃.1,!19(!∗,)),=∃.4!#(%(∋#59!≅0(%1∃,.2!Ξ∋.!
%,0.6!∋#1!/#,5(%%!/#,3∃6(!∋!)∋.40∋4(!19#,049!=9∃59!1,!6∃%50%%!/#∋51∃5(!∗#,−!∋!
/#∋51∃1∃,.(#ϑ%!/(#%/(51∃3(λ!
!
∀.!19∃%!19(%∃%Λ!∀!=∃))!%9,=!19∋1!∗,50%∃.4!,.!19(!5#(∋1∃3(!/#,5(%%!∃.!%,0.6!∋#1!/#∋51∃5(!5∋.!
#(3(∋)!=9∋1!)∃(%!?(9∃.6Λ!,#!=∃19∃.Λ!19(!∋#1!=,#>%!/#,605(6!∋.6!9()/!5,.1#∃?01(!1,!19(!
6∃%5,0#%(!?8!(Ι/),#∃.4!/#,5(%%Κ!+0#19(#−,#(Λ!60(!1,!∃1%!−0)1∃Η6∃%5∃/)∃.∋#8!?∋5>4#,0.6Λ!∋!
/#(5∃%(!6(∗∃.∃1∃,.!,∗!=9∋1!%,0.6!∋#1!−(∋.%!∃%!()0%∃3(Κ!∀!=∃))!(Ι∋−∃.(!19∃%!∃.!−,#(!6(1∋∃)!∃.!
Ξ9∋/1(#!χ.(Κ!∀.!∋.!∋11(−/1!1,!/#(Η(−/1!19(!/#,?)(−%!,∗!∗)0510∋1∃.4!?,0.6∋#∃(%!,.!19(!,.(!
9∋.6Λ!∋.6!,//,%∃.4!3∃(=%!,.!19(!,19(#Λ!19∃%!/#∋51∃5(Η?∋%(6!#(%(∋#59!/#,/,%(%!1,!∗,50%!.,1!
                                            
ς!:0%1#∃∋.!:#.,)6!Ζ59µ.?(#4!=∋%!∋!%∃4.∃∗∃5∋.1!∆Ε19Η5(.10#8!5,−/,%(#!=9,!6(3(),/(6!19(!.(=!1=()3(Η1,.(!
5,−/,%∃1∃,.!1(59.∃≅0(!Μ∋)%,!>.,=.!∋%!6,6(5∋/9,.8!,#!%(#∃∋)∃%−ΝΚ!
Γ!Μ−7&∃#Λ!19(!(∋#)∃(%1!,∗!α(09∋0%ϑ!/0?)∃5!∋#1!=,#>%Λ!=∋%!(%%(.1∃∋))8!∋!%(#∃(%!,∗!ΦΓ!%,0.6!=∋)>%Λ!5,.6051(6!
?(1=((.!Φ⊥ΨΨ!∋.6!Φ⊥]ΓΛ!=9(#(!9(!%1∋−/(6!/∋#1∃5∃/∋.1%ϑ!9∋.6%!=∃19!19(!=,#6!)−7&∃#Λ!∗,)),=(6!?8!∋.!
(Ι/),#∋1∃,.!,∗!19(!),5∋)!%,0.6%5∋/(Κ!
 12 
,.!19(!=,#>%!,∗!%,0.6!∋#1!∋%!6∃%5#(1(!(.1∃1∃(%Λ!?01!1,!(Ι/),#(!19(!/#,5(%%!0.6(#)8∃.4!19(∃#!
/#,6051∃,.Κ!<9∃%!/#,5(%%!∃%!%9∋/(6!?8!∋.6!%9∋/(%!19(!∃.6∃3∃60∋)!∋#1∃%1ϑ%!0.6(#%1∋.6∃.4!,∗!
%,0.6Λ!?,19!,∗!=9∃59!∃.!10#.!5,.1#∃?01(!1,!19(!=∃6(#!∗∃()6Κ!<9(!∋∃−!,∗!19∃%!∋//#,∋59!∃%!1,!
(%1∋?)∃%9!∋!−,6()!∗,#!19(!5,.%∃6(#∋1∃,.!,∗!%,0.6!∋#1!/#∋51∃5(!∋.6!6(3(),/!∋!∗#∋−(=,#>!
19#,049!=9∃59!19(!/#∋51∃1∃,.(#ϑ%!/(#%/(51∃3(!5∋.!?(!∗,#(4#,0.6(6Κ!
!
:)19,049!∀!?()∃(3(!19∋1!/(#%,.∋)!∋%/(51%!∋#(!#()(3∋.1!1,!/#,5(%%Λ!∀!6,!.,1!/)∋.!1,!∗,50%!
,3(#)8!,.!/(#%,.∋)!.∋##∋1∃3(%Λ!?01!1,!∋66!1,!%,0.6!∋#1!6∃%5,0#%(!?8!%9∃.∃.4!∋!%/,1)∃491!,.!
/#,5(%%!∗#,−!∋.!∋#1∃%1ϑ%!/,∃.1!,∗!3∃(=Κ!:),.4!=∃19!,19(#!∋#1∃%1%!∋.6!=#∃1(#%Λ!%059!∋%!
Θ#∋.6,.!;∋Θ())(Λ!=9,!5∋))(6!∗,#!/#,5(%%!1,!?(!−∋6(!−,#(!5(.1#∋)!Μ∆ΕΦΤΛ!Τ∃Χ)∃!&−∀#7∗∀#∗
Υ9∀!∃77∗−#∗∆∀∋#,∗,)Κ!ΦΝΛΨ!∀!∃.1(.6!1,!(−/9∋%∃%(!19(!#,)(!,∗!/#,5(%%!?8!/#,3∃6∃.4!∋!%1#∋1(48!
∗,#!∋#1∃%1%!1,!∃.3(%1∃4∋1(!∋.6!5,−−0.∃5∋1(!/#∋51∃5(Κ!
!
Η3(Ξ∗7(∃1,(&.∆#(&%,(,0?8∗%,9(
!
<9∃%!19(%∃%!∃.1#,605(%!19(!−,6()!,∗!!∀#!∃%&∋()∗+)∃#,−#.ΩΛ!,#!+)∃#,−#.∗&0∃∀92Λ!6(3(),/(6!?8!
19(!5,4.∃1∃3(!%5∃(.1∃%1%!&∃))(%!+∋05,..∃(#!∋.6!Χ∋#>!<0#.(#!Μ∆ΕΕ∆ΝΚ]!∀!0%(!5,.5(/10∋)!
?)(.6∃.4!∋%!∋!−,6()!∗,#!0.6(#%1∋.6∃.4!%,0.6!∋#1!19#,049!19(!/#,5(%%!,∗!5#(∋1∃.4Λ!?8!
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−,6()!∗,#!/#,5(%%Κ!!
!
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δ9∋1!∃%!−,%1!∃−/,#1∋.1!9(#(!∃%!19(!.,1∃,.!,∗!/#,5(%%Κ!<9∃%!?(5∋−(!∋//∋#(.1!∃.!19(!
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9∃%1,#8!∃.!,#6(#!1,!∃))0−∃.∋1(!19(!#,)(!,∗!/(#%,.∋)!/#,5(%%!∋.6!9,=!=∃6(#!5,.5(#.%!∋#∃%(!
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+)∃#,−#.!∋%!∋!%0∃1∋?)(!−,6()!∗,#!(Ι/),#∃.4!/#,5(%%Κ!+∃#%1)8Λ!∀!=∃))!/#(%(.1!19(!.,1∃,.!,∗!
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∀.!19(!∀.1#,6051∃,.Λ!∀!(%1∋?)∃%9(6!19∋1!19∃%!#(%(∋#59!∗,50%(%!,.!/#,5(%%!∗#,−!∋!
/#∋51∃1∃,.(#ϑ%!3∃(=!∋.6!∋∃−%!1,!(.#∃59!%,0.6!∋#1!6∃%5,0#%(Κ!∀.!Ξ9∋/1(#!χ.(Λ!∀!∃.1#,605(!19(!
∗∃()6!,∗!%,0.6!∋#1!∋.6!%,−(!,∗!∃1%!∃.4#(6∃(.1%Κ!Ζ,0.6!∋#1!(−(#4(%!∋%!∋!5,−/)(Ι!6∃%5∃/)∃.(Λ!
=∃19!−0)1∃/)(!9∃%1,#∃(%Λ!19(!−∋∃.!1#∋_(51,#∃(%!?(∃.4!∗∃.(!∋#1Λ!−0%∃5!∋.6!1(59.,),4∃5∋)!
6(3(),/−(.1%!19#,049,01!19(!∆Ε19!5(.10#8Κ!∀!=∃))!%9,=!19∋1Λ!∋#∃%∃.4!∗#,−!19(%(!
1#∋_(51,#∃(%Λ!∃.6∃3∃60∋)!∃.1(#/#(1∋1∃,.%!,∗!%,0.6!∋#1!6∃∗∗(#Κ!∀!=∃))!∋)%,!%9,=!19∋1!19(!=∋8!∃.!
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19(!1(#−Κ!∀1!∃%!−∋6(!0/!,∗!1=,!=,#6%Κ!<9(!∗∃#%1!∃%!%,0.6Ρ!<9(!%(5,.6!=,#6!∃%!∋#1Κ!<9(!
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∆ΕΕΕΛ!,.)∃.(ΝΚ!α(09∋0%!∋)%,!=∋#.(6!∋4∋∃.%1!0%∃.4!%,0.6!∋#1!1,!#(?#∋.6!=9∋1!∃%!Ο(%%(.1∃∋))8!
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!
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5,.5(#.%Λ!∗,#!(Ι∋−/)(Λ!∋.!∃.1(#(%1!∃.!%/∋1∃∋)∃18Κ!β64∋#6!∋#ω%(ϑ%!5,.1#∃?01∃,.!1,!19(!Β9∃)∃/%!
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Σ,=(!(Ι/#(%%(%!5)(∋#)8!9,=!∋!3∃%0∋)!∋#1%!/#,5(60#(!=∋%!5,−?∃.(6!=∃19!/)∋8∃.4!19(!40∃1∋#Λ!
                                            
ΦΨ!χ19(#!5,−/,%(#%Λ!%059!∋%!Υ(.#8!Ξ,=())!∋.6!ε,9.!Ξ∋4(Λ!−,6∃∗∃(6!19(!%,0.6!,∗!∃.%1#0−(.1%!19#,049!19(!
∋//)∃5∋1∃,.!,∗!,?_(51%!−059!(∋#)∃(#Κ!
Φ]!Σ,=(!∋)%,!#(5,0.1%!3(#8!6∃∗∗(#(.1!.,1∃,.%!=∃19∃.!?,19!∋#1!∗,#−%!=9(#(!∋019,#%9∃/!#(%∃6(%2!=9∃)%1!∋!
−0%∃5∃∋.!?#∃.4%!,19(#!/(,/)(ϑ%!5,−/,%∃1∃,.%!1,!)∃∗(!∃.!19(!/#(%(.1!−,−(.1Λ!∋!/∋∃.1(#!9∋%!.,!/(#−∃%%∃,.!1,!
#(5#(∋1(!,19(#!∋#1∃%1%ϑ!/∋∃.1∃.4%Κ!<9∃%!=,0)6!?(!5,.%∃6(#(6!/)∋4∃∋#∃%−Κ!
 24 
?#∃.4∃.4!1,4(19(#!1=,!∋%/(51%!/#(%(.1!∃.!9∃%!/(#%,.∋)!)∃∗(!∋1!∋!%/(5∃∗∃5!1∃−(2!∋.!∋#1!%106(.1!
∃.!19(!Φ⊥ΨΕ%!=9,!∋)%,!/(#∗,#−(6!_∋ΠΠ!−0%∃5Κ!
!
ε(=∋.%>∃!∋.6!α∋0−∋..!6(%5#∃?(!∋.,19(#!∃.%1∋.5(!,∗!9,=!∋!3∃%0∋)!∋#1%!−(19,6!∃%!−∋//(6!
,.1,!19(!5#(∋1∃,.!,∗!%,0.6Λ!∋4∋∃.!−∋6(!/,%%∃?)(!?8!1(59.,),482!
!
<90%Λ!=∃19!19(!(−(#4(.5(!,∗!∋5,0%1∃5!#(5,#6∃.4!−(6∃∋Λ!19(!5,))∋4(!1(59.∃≅0(!=∋%!0%(6!
1,!∋##∋.4(!%,0.6%Λ!=9(#(?8Λ!∋%!∃.!19(!3∃%0∋)!3(#%∃,.Λ!(.1∃#()8!6∃%/∋#∋1(!∋.6!,∗1(.!
∋)#(∋68!(Ι∃%1∃.4!−∋1(#∃∋)!=∋%!5,−?∃.(6Κ!<9∃%!/#,5(60#(!9∋6!∋!∗,#−∋1∃3(!∃.∗)0(.5(!∋%!
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1(59.,),48Λ!)∋1(#!(Ι/∋.6(6!0/,.!?8!6∃4∃1∋)!%∋−/)∃.4!∋.6!(6∃1∃.4!1(59.∃≅0(%Κ!<9∃%!−(19,6Λ!
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%1#0510#(Λ!(∗∗(51∃3()8!−∋//∃.4!19(!.,1∃,.!,∗!%50)/1∃.4!,.1,!%,0.6Κ!!
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:1!19(!#,,1%!,∗!%059!−(19,6%Λ!−∋6(!/,%%∃?)(!?8!19(!∋63(.1!,∗!%,0.6!#(5,#6∃.4Λ!)∃(%!19(!
.,1∃,.!19∋1!%,0.6!∃%!∋!−∋1(#∃∋)!19∋1!5∋.!?(!−∋.∃/0)∋1(6!∋%!%059Κ!Υ,=(3(#Λ!∃.!∆∀∋#,∗(#,∗&0∃∗
!−&2∗∴!&0∃∗(#&0∀)∀.2=∗=9∃59!6,50−(.1%!19(!Θ#∃1∃%9!Ξ,0.5∃)ϑ%!−∋_,#!%,0.6!∋#1!%(#∃(%!∃.!
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%0?%1∋.5(!,#!−∋%%Κ!∀1ϑ%!∋510∋))8!∋!/#,5(%%Λ!∋!5,−/)∃5∋1(6!/#,5(%%!∴!,∗!/∋#1∃5)(%!
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<9∃%!%1∋1(−(.1!#(∗(#%!1,!19(!∃−−∋1(#∃∋)∃18!,∗!%,0.6Λ!∃1%!(/9(−(#∋)!59∋#∋51(#∃%1∃5%!,∗!
0.∗,)6∃.4!∃.!19(!/#(%(.1!∋.6!3∋.∃%9∃.4!∃.1,!19(!/∋%1Λ!∋−()∃,#∋1(6!?8!%,0.6!#(5,#6∃.4!
6(3∃5(%!19∋1!(.∋?)(!#(/(1∃1∃,.!∋.6!∋.!∋55(%%!1,!%,0.6!19∋1!∃%!Ο∋)−,%1!∋%!∃∗!∃1!6∃6!9∋3(!∋!
1∋51∃)(!/98%∃5∋)!∗,#−!)∃>(!5)∋8!,#!/∋∃.1ϑ!Μδ,#?8Λ!∆ΕΕ[Λ!/Κ!∆ΦΝΚ!<9∃%!3∃(=!%((%!−∋//∃.4!∋%!∋!
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=9∃59!∀!=∃))!∃.1#,605(!∃.!Ξ9∋/1(#!<9#((Κ!∀.!Ξ9∋/1(#!+∃3(Λ!∀!=∃))!5,−(!?∋5>!1,!9,=!%,−(!,∗!
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∃.3(.1∃,.!#(−∋∃.%!(%%(.1∃∋))8!∋!/(#%,.∋)Λ!1(59.,),4∃5∋)!6(3(),/−(.1!19∋1!∗∋5∃)∃1∋1(6!19(!
#(∋)∃%∋1∃,.!,∗!9(#!,=.!−0%∃5∋)!∃6(∋%Κ!∀1!#(∗)(51%!19(!=∋8!−∋.8!50##(.1!5,−/,%(#%!,#!%,0.6!
∋#1∃%1%!∋#(!∃.3,)3(6!=∃19!5#(∋1∃.4!∋1!)(∋%1!%,−(!∋%/(51%!,∗!19(∃#!%,∗1=∋#(!∋%!/∋#1!,∗!9,=!
19(8!5#(∋1(!=,#>Κ!χ.(!∃.%1∋.5(!∃%!<#(3,#!δ∃%9∋#1ϑ%!%,0.6!1#∋.%∗,#−∋1∃,.!/∋5>∋4(!Ζ,0.6!
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%,∗1=∋#(!.,=!∗#(≅0(.1)8!0%(6!∃.!?,19!/(#∗,#−∋.5(!∋.6!%,0.6!∃.%1∋))∋1∃,.Κ!!
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χ.!19(!=9,)(Λ!19(!6(3(),/−(.1!,∗!1(59.,),4∃5∋)!1,,)%Λ!19(!Ο()(51#∃5∋)!∃.%1#0−(.1%ϑ!19∋1!Ξ∋4(!
(.3∃%∋4(6!ΜΞ∋4(Λ!Φ⊥ΨΦΝΛ!9∋%!∗,%1(#(6!19(!(Ι/),#∋1∃,.!,∗!∋.!∃.5#(∋%(6!%,.∃5!%/(51#0−!
∃−∋4∃.(6!∃.!19(!(∋#)8!∆Ε19!5(.10#8Κ!<9(8!∋#(!.,=!0%(6!#,01∃.()8!∃.!∗∃()6%!∗#,−!
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Υ∃44∃.%!ΜΩ∋9.Λ!∆ΕΕΦΛ!//Κ!∆∆ςΗ∆∆]ΝΛ!=9∃59!=∋%!#(∗)(51(6!∃.!/,/0)∋#!−0%∃5!∗#,−!19(!
)(4(.6∋#8!Χ∋#%9∋))!1,=(#!%(1Η0/%!1,!?∋%%Η6#∃3(.!5)0?!(Ι/(#∃(.5(%!∋))!,3(#!19(!=,#)6Κ!∀.!
%,0.6!∋#1!/#∋51∃5(Λ!19(!∃.1(#(%1!∃.!19(!/98%∃5∋)!(∗∗(51!,∗!%,0.6!5∋.!?(!∗,0.6!∃.!Ω∋∗∗(!
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Φ⊥!Ζ,0.6!;,,−!#0.%!∃.!5,._0.51∃,.!=∃19!19(!%,0.6Η/#,5(%%∃.4!%,∗1=∋#(!6(3(),/(6!?8!19(!Ξ,−/,%(#%ϑ!Α(%>1,/!
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=∃6(#!50)10#∋)!6(3(),/−(.1%!5∋.!?(5,−(!∋.!∋%/(51!,∗!∃.6∃3∃60∋)!/#∋51∃5(Λ!19(8!−∋8!∃.!1∃−(!
5,.1#∃?01(!1,!9∃%1,#∃5∋)!6(3(),/−(.1%Κ!!
!
=34(Ν∗5+9(&%∃(&%%.Λ,#(∃∗7&%9#(∃1,(,+9(∗/(∃1,(Π>∃1(∋,+∃5%Ε(
!
<9(!)∋?()!%,0.6!∋#1!∃1%()∗!(−(#4(6!∃.!19(!)∋11(#!/∋#1!,∗!19(!∆Ε19!5(.10#8Κ!;∃591!Μ∆ΕΕ⊥Ν!
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19(!.(Ι1!%(51∃,.Κ!
!
{ :.!∃./01!Μ∃γ/Ν!6(%5#∃?(%!∋!−,6(Λ!∋)19,049!∃1!5∋.!?(!(3(#819∃.4!19∋1!∗),=%!∃.1,!
/#∋51∃5(Λ!∗#,−!5,.5(/1%!1,!5,−−∃%%∃,.!?#∃(∗%!1,!1,,)%!∋.6!/98%∃5∋)!∃.1(#∋51∃,.%Κ!
{ :.!∃./01!∃%!−∋6(!0/!,∗!()(−(.1%!ΜβΝΛ!%,−(!,∗!=9∃59!∋#(!1∋>(.!∗,#=∋#6!∃.1,!19(!
?)(.6!=9∃)%1!,19(#%!∋#(!6#,//(6Κ!!
{ Θ)(.6!)(.%(%κ!Μ;Ν!6(.,1(!%/(5∃∗∃5!3∃(=%!,#!,19(#!∗∋51,#%!19∋1!6(1(#−∃.(!19∃%!
%()(51∃,.Κ!!
{ <9(!/,∃.1!=9(#(!∃./01%!#(%,)3(!∃.1,!,.(!1#∋_(51,#8!∀!9∋3(!1(#−(6!∋!?)(.6!.,6(κ!
ΜΘαΝΚ!:!?)(.6!.,6(!0%0∋))8!/#(%(.1%!∋.!∃./01!1,!5,.1∃.0∃.4!/#∋51∃5(Κ!
{ :!1#∋_(51,#8!,∗!?)(.6%!∃%!5∋))(6!∋!?)(.6!)∃.(κ!ΜΘ;ΝΚ!
{ :!.(1=,#>!,∗!∃.1(#5,..(51(6!?)(.6%!∋.6!?)(.6!)∃.(%!∃%!1(#−(6!∋!?)(.6!∗∃()6κ!ΜΘ+ΝΚ!
{ χ01/01!Μ,γ/Ν!6(.,1(%!∋!#(%0)1!,∗!∋!?)(.6Λ!?(!∃1!∋!/∃(5(!,∗!∋#1!,#!=#∃1∃.4Κ!
{ +,#!19(!/0#/,%(%!,∗!19(!−,6()Λ!19(!1∃−()∃.(%!Μ<Φ!|!<∆Ν!∃.6∃5∋1(!19∋1!∃.!/#∋51∃5(Λ!
∋%/(51%!−∋8!?(!#(50#%∃3(Κ!
!
∀.!/#∃.5∃/)(Λ!?(4∃..∃.4!=∃19!∋!%(1!,∗!∃./01%!=(!%()(51!()(−(.1%!∋∗∗(51(6!?8!)(.%(%!#(%,)3∃.4!
∃1%()∗!∃.!,.(!?)(.6!.,6(!ΜΘαΦΝΚ!β∋59!59,∃5(!−∋8!?(!∋∗∗(51(6!?8!−,#(!19∋.!,.(!)(.%Κ!∀.!∗∋51Λ!
%(3(#∋)!1#∋_(51,#∃(%!,#!?)(.6!)∃.(%!−∋8!?(!∃.3,)3(6!ΜΘα∆ΝΚ!<9(!=9,)(!%8%1(−!5,.%1∃101(%!∋!
?)(.6!∗∃()6!∋)19,049!=(!−∃491!∋)%,!(Ι∋−∃.(!%−∋))(#!%0?%(51∃,.%!∋%!%059Κ!:1!∋.8!/,∃.1Λ!.(=!
∃./01%!−∋8!?(!∋66(6!,#!6#,//(6Λ!,#!=(!−∃491!5,.%∃6(#!19,%(!/#(3∃,0%)8!6∃%5∋#6(6Κ!<9(%(!
%1(/%!−∋8!?(!#(/(∋1(6!%(3(#∋)!1∃−(%Λ!8∃()6∃.4!∋.8!.0−?(#!,∗!,01/01%Λ!∋)19,049!19(!−,6()!
,.!/Κ!ΓΤ!6(/∃51%!,.)8!,.(Κ!
!
!
!
!
!
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3
 
!
!
+∃40
#(!∆
Κ!:
!4#∋/
9
∃5∋)!−
,6
()!,∗!/
#,5(6
0
#∋)!?)(.
6
∃.
4!∃.
!%,0
.
6
!∋#1!/
#∋51∃5(!
(((
L
L
L
L
L
L
L
L
L
L
L L
o/p
BNn
E1-En
BN2
E1–En
BN1
E1-En
E1–En
E1–En
E1–En
i/p n
i/p n2
i/p nn
E1–En
E1–En
E1–En
i/p 21
i/p 22
i/p 2n
E1–En
E1–En
E1–En
i/p 1A1
i/p 1A2
i/p 1An
E1–En
E1–En
E1–En
i/p 1B
i/p 1B2
i/p 1Bn
T1
T2
BF
BL1
BLn
The numbering system 
extends from 1 to n 
(unspeciied number)
Symbols:
i/p = input
E = element
o/p = output
L = lens
BN = blend node
BL = blend line
BF = blend ield
T = timeline
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Η343Π(Ι%∗∆(∋∗+∋,?∃5&8(∀8,+9.+:(∃∗(?%∗∋,95%&8(∀8,+9.+:Α(&9&?∃.∗+#(&+9(∋1&+:,#(
!
∀.!19∃%!%(51∃,.!∀Λ!=∃))!5,.%∃6(#!19(!∋6∋/1∋1∃,.%!∀!−∋6(!1,!5,.5(/10∋)!?)(.6∃.4!1,!∋##∃3(!∋1!
/#,5(60#∋)!?)(.6∃.4Κ!<9(8!∋#(!19(!#(%0)1!,∗!∋//)8∃.4!?)(.6∃.4!1,!19(!5,−/)(ΙΛ!∋.6!
/,1(.1∃∋))8!6#∋=.Η,01!/#,5(%%!,∗!%,0.6!∋#1!/#∋51∃5(!∋.6!−,%1)8!∋#,%(!,01!,∗!5#(∋1∃.4!19(!
.(=!=,#>%!5,.%∃6(#(6!∃.!Ξ9∋/1(#!+,0#Λ!%1∋#1∃.4!,.!/Κ!Ψ⊥Κ!!
!
δ9∃)%1!%,−(!,∗!19(%(!59∋.4(%!/#(%(.1!−∃.,#!%9∃∗1%!∃.!0.6(#%1∋.6∃.4Λ!%,−(!9∋3(!#(%0)1(6!
∃.!19(!∃.1#,6051∃,.!,∗!.(=!1(#−%Λ!=9∃)%1!,19(#!5,.5(/1%!9∋3(!?((.!%(1!∋%∃6(Κ!<9(%(!=∃))!?(!
5,.%∃6(#(6!)∋1(#Κ!:1!19∃%!/,∃.1Λ!19(!59∋.4(%!∋.6!.(=)8!∃.1#,605(6!1(#−%!Μ%(1!∃.!?,)6Ν!∋#(!∋%!
∗,)),=%2!
!
ΦΚ :.!.+?5∃!∃.!19∃%!∋6∋/1(6!%8%1(−!6(%5#∃?(%!∋!−,6(Λ!?01!(Ι/∋.6%!1,!(3(#819∃.4!19∋1!
∗),=%!∃.1,!/#∋51∃5(!∗#,−!5,.5(/1%!,#!5,−−∃%%∃,.!?#∃(∗%!1,!1,,)%!,#!/98%∃5∋)!
∃.1(#∋51∃,.%Κ!∀1!(≅0∋)∃%(%!19(!/,1(.1∃∋)!,∗!∋))!/,%%∃?)(!−,6(%Λ!∋)19,049!(∋59!∋#1∃%1!
−∋>(%!19(∃#!,=.!%()(51∃,.%!∗#,−!19(!∋3∋∃)∋?)(!∃./01%Λ!∋.6!19(!6(4#((!1,!=9∃59!19(8!
6,!%,!∋)%,!3∋#∃(%Κ!+0#19(#−,#(Λ!=9(.!6∃%50%%∃.4!,.(!∃./01!∋5#,%%!∋!4#,0/!,∗!
∋#1∃%1%Λ!0.6(#%1∋.6∃.4%!,∗!∃1%!(Ι∋51!−(∋.∃.4!6∃3(#4(Κ!
∆Κ :!∀8,+9(8,+#!6(%5#∃?(%!∋!3∃(=!,#!∃.6((6!∋.8!∗∋51,#!19∋1!∃.∗)0(.5(%!19(!%()(51∃,.!,∗!
∋.6!∗#,−!∃./01%!∋.6!19(!()(−(.1%!1∋>(.!∗,#=∋#6!∃.1,!19(!?)(.6Λ!∗,#!(Ι∋−/)(Λ!19(!
#(%1#∋∃.1%!19∋1!0%∃.4!∋!%/(5∃∗∃5!%,∗1=∋#(!,#!∋!5,−−∃%%∃,.!?#∃(∗!?#∃.4!=∃19!∃1Κ!
β−,1∃,.%!−∋8!∋)%,!∋∗∗(51!59,∃5(%Κ!!
ΤΚ :(∀8,+9(8.+,!∋//(∋#%!∋%!∋!1#∋_(51,#8!,∗!?)(.6%!1∋>∃.4!/)∋5(Λ!∗,#!(Ι∋−/)(Λ!∃.!,.(!
%1#∋.6!,∗!∋.!∃.3(%1∃4∋1∃,.!∋%!∃1!0.∗,)6%!,3(#!1∃−(Λ!%059!∋%Λ!∃.!−8!5∋%(Λ!∋!6(3(),/∃.4!
5,.5(#.!=∃19!3,∃5(Κ!!
ςΚ :.!∃.1(#5,..(51(6!.(1=,#>!,∗!?)(.6%!∋.6!?)(.6!)∃.(%!5#(∋1(6!∃.!19(!6(3(),/−(.1!
,∗!∋!/∃(5(!∀!9∋3(!1(#−(6!∋!∀8,+9(/.,89Κ!:%!=∃19!19(!?)(.6!)∃.(Λ!19(!?)(.6!∗∃()6!
5,.1∋∃.%!∋!1(−/,#∋)!5,−/,.(.1Κ!:%!(∋59!∃./01!∃%!?#,>(.!6,=.!∃.1,!∗0#19(#!
5,−/,.(.1%Λ!/,1(.1∃∋))8!%(3(#∋)!)(3()%!,∗!%059!∗∃()6%!∋#(!#(3(∋)(6Λ!5#(∋1∃.4!∋!19#((Η
6∃−(.%∃,.∋)!∗∃()6!19#,049,01!=9∃59!5,..(51∃,.%!5∋.!?(!(%1∋?)∃%9(6Κ!+,#!#(∋%,.%!,∗!
5)∋#∃18Λ!∀!9∋3(!.,1!0%(6!19(!1(#−!.(1=,#>Κ!<9∃%!∃%!?(5∋0%(Λ!∃.!?)(.6∃.4!19(,#8Λ!∃1!∃%!
∋)#(∋68!0%(6!∃.!19(!.,1∃,.!,∗!∋!5,.5(/10∋)!∃.1(4#∋1∃,.!.(1=,#>Κ!
ΓΚ Β#,?∋?)8!5),%(%1!1,!19(!,#∃4∃.∋)!5,.5(/1!,∗!∋!?)(.6!∃%!19(!∀8,+9(+∗9,Λ!=9(#(!
%(3(#∋)!1#∋_(51,#∃(%!∋.6!∃./01%!#(%,)3(!∃.1,!,.(Κ!
ΨΚ :!∀8,+9(:8∗∀,κ!/(#1∋∃.%!1,!∋!.(1=,#>!,∗!∃./01%!/#(%(.1!∋%!/∋#1!,∗!∋!1#∋_(51,#8!,∗!
−∋>∃.4Λ!,∗1(.!∋%!_0Ι1∋/,%∃1∃,.%!,#!/,)∋#!/∋∃#%Λ!#(%,)3(6!∃.1,!,.(!%/9(#(!#(4∋#6)(%%!
,∗!1(−/,#∋)!6∃%1#∃?01∃,.!Μ%((!+∃40#(!ΦΨ!,.!/Κ![ΓΝΚ!∀.!19∃%Λ!∃1!6∃∗∗(#%!∗#,−!∋!?)(.6!
∗∃()6Κ!
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]Κ :66∃1∃,.∋))8Λ!∀!∃.1#,605(!19(!.,1∃,.!,∗!∋!∋∗++,∋∃∗%κΚ!<9∃%!#()∋1(%!1,!19(!=∋8!∃.!
=9∃59!()(−(.1%!∋#(!5,..(51(6!19#,049!−∋//∃.4Κ!Υ,=(3(#Λ!∃1!∋)%,!#(∗(#%!1,!
(3(#819∃.4!?8!=9∃59!∃./01%!5∋.!?(!5,..(51(6Λ!?(!19(8!%9∋#(6!()(−(.1%!∋5#,%%!
∃./01%Λ!∋!19∃#6!5,.5(/1!19#,049!=9∃59!,19(#%!5∋.!?(!−∋6(!1,!#()∋1(Λ!,#!/98%∃5∋)!
∋51∃3∃1∃(%!%059!∋%!=∋)>∃.4!19∋1!/#,−,1(!5,..(51∃,.%Κ!
[Κ <9(!,015,−(!,∗!∋!?)(.6!∃%!5∋))(6!∋.!∗5∃?5∃Χ!=9∃59!−∋8!?(!∋!/∃(5(!,∗!=#∃1∃.4!,#!∋.!
∋#1=,#>Κ!:.8!.0−?(#!,∗!,01/01%!−∋8!∋#∃%(!∗#,−!,.(!?)(.6!∗∃()6Κ!+0#19(#−,#(Λ!19(!
.,1∃,.!,∗!∋.!,01/01!6∃∗∗(#%!∗#,−!19(!.,1∃,.!,∗!−∋1(#∃∋)!∋.59,#!∋%!%/(5∃∗∃(6!∃.!
?)(.6∃.4!19(,#8!∃.!19(!%(.%(!19∋1!∃1!−∃##,#%!19(!5,.5(/1!,∗!∋.!∃./01!∋%!∋!∗,5∋)!/,∃.1!
,∗!/#,5(%%Λ!#∋19(#!19∋.!/,1(.1∃∋)∃18ρ!∋!?)(.6!6,(%!.,1!.((6!∋!−∋1(#∃∋)!∋.59,#Κ!
:66∃1∃,.∋))8Λ!∋.!,01/01!∃%!.,1!∋.!∃6(∋!19∋1!∃%!1#∋.%)∋1(6!∗#,−!19(!−∃.6!∃.1,!19(!
=,#)6ρ!∃1!∋#∃%(%!,01!,∗!19(!∃.1(#∋51∃,.!?(1=((.!19∃.>∃.4!∋.6!6,∃.4Κ!
∗
∀.!,19(#!#(%/(51%Λ!19(!,#∃4∃.∋)!19(,#8!,∗!?)(.6∃.4!=∋%!#(605(6!∋.6!%∃−/)∃∗∃(6Κ!+,#!(Ι∋−/)(Λ!
19(!.,1∃,.!,∗!∋!∗#∋−(Λ!19(!5,.1(Ι10∋)!?∋5>4#,0.6!6(%∃4.∋1(6!∋%!19(!,#4∋.∃%∃.4!∗#∋−(=,#>!
,∗!∋!?)(.6Λ!9∋%!?((.!6,=./)∋8(6!∃.!,.(!#(%/(51!∋.6!#(Η∋%%(%%(6!∃.!∋.,19(#Κ!+∃#%1)8Λ!∃.!
#(%(∋#59∃.4!∋!1,/∃5Λ!∃1%!5,.1(Ι1!∃%Λ!1,!∋!4#(∋1!(Ι1(.1Λ!6∃%∋%%(−?)(6Λ!∋.6!∃.6∃3∃60∋)!
5,−/,.(.1%!−∋8!∗∃.6!19(∃#!=∋8!?∋5>!∃.1,!19(!−∃Ι!∋%!∃./01%Κ!<9∃%!∋//)∃(%!/∋#1∃50)∋#)8!1,!
∋.8!>∃.6!,∗!9∃%1,#∃5∋)!#(3∃(=Κ!Ζ(5,.6)8Λ!19(%(!5,.1(Ι1%!5∋.!∋)%,!∋//(∋#!∋%!)(.%(%Λ!∋∗∗(51∃.4!
59,∃5(Κ!Ξ0)10#∋)!=,#)6!3∃(=%Λ!/(#%,.∋)!59∃)69,,6!(Ι/(#∃(.5(%Λ!,#!(−,1∃,.%!∋)%,!/)∋8!∋!/∋#1!
∃.!19(!%()(51∃,.!,∗!()(−(.1%ΚΤ]!
!
:1!19(!,19(#!(.6!,∗!19(!%5∋)(Λ!19(!()(−(.1%!19∋1!/,/0)∋1(!(∋59!∃./01!5∋.!∋)%,!#(Η∋//(∋#!∋%!
∃./01%!1,!/#∋51∃5(Κ!:%!=(!=,#>Λ!=(!∗#(≅0(.1)8!ΟΠ,,−ϑ!∃.!,#!,01!,∗!(∋59!∃./01Κ!∀!9∋3(!∋)#(∋68!
(Ι/)∋∃.(6!9,=!=(!−∋8!?#(∋>!6,=.!∋!∗#∋−(!∃.1,!5,.%1∃10(.1!/∋#1%!19#,049!#(%(∋#59Λ!?01!
=(!−∋8!∋)%,!/01!∋!%/,1)∃491!,.1,!∋.!()(−(.1!∋.6!/#,4#(%%∃3()8!0.5,3(#!−,#(!6(1∋∃)%!∋?,01!
∃1Κ!<9∃%!−(∋.%!19∋1!.(∃19(#!∃./01!.,#!()(−(.1!∃%!∋?%,)01(Λ!?01!∃%!∋!1(−/,#∋)!∋%%∃4.∋1∃,.Λ!
=9(#(!(∋59!∗#∋−(!,#!()(−(.1Λ!∋1!6∃∗∗(#(.1!−∋4.∃∗∃5∋1∃,.%Λ!−∋8!?(5,−(!∋.!∃./01!1,!,0#!
/#,5(%%Κ!<9∃%!∃%!19(!−∋∃.!#(∋%,.!∀!9∋3(!∗,50%(6!,.!19(!.,1∃,.!,∗!∃./01!19#,049,01!19∃%!
#(%(∋#59Κ!χ19(#!#(∋%,.%!∃.5)06(!%5,/(Λ!?(∋#∃.4!∃.!−∃.6!19∋1!−8!∋∃−!∃%!1,!6((/(.!,0#!
0.6(#%1∋.6∃.4!,∗!,0#!,=.!/#∋51∃5(!∋.6!1,!(.9∋.5(!5,−−0.∃5∋1∃,.Λ!#∋19(#!19∋.!1,!
(%1∋?)∃%9!∋.!0)1∃−∋1(!−,6()!,∗!/#,5(%%Κ!<9∃%!%5∋)(∋?)(!∋//#,∋59!#(3,)3(6!∋#,0.6!19(!∃./01!
∋)),=∃.4!∋#1∃%1%!1,!(Ι∋−∃.(!19(∃#!/#∋51∃5(!0%∃.4!,.(!%∃−/)(!%1#∋1(48Λ!/#(%(.1∃.4!6∃∗∗(#(.1!
∗∋5(1%!∋%!.((6(6Κ!:%!=(!=,#>!=∃19!∋.6!6(3(),/!(∋59!∗#∋−(Λ!∃./01!,#!()(−(.1Λ!∋!?)(.6!)∃.(!
5,−(%!∃.1,!(Ι∃%1(.5(Κ!δ(!#∋#()8!∗,)),=!_0%1!,.(!)∃.(!,∗!∃.3(%1∃4∋1∃,.Λ!?01!0%0∋))8!5,.%∃6(#!
%(3(#∋)ρ!5,.%(≅0(.1)8Λ!19(!!?)(.6!)∃.(%!5,−(!1,4(19(#!∋%!∋!?)(.6!∗∃()6Κ!δ9(.!(Ι∋−∃.∃.4!∋.6!
                                            
Τ]!:)%,!∋%%∃−∃)∋1(6!∃.1,!19(!.,1∃,.!,∗!∋!?)(.6!)(.%!=(#(!19(!=∋8%!∃.!=9∃59!+∋05,..∃(#!υ!<0#.(#!%((!∋!?)(.6!
?(∃.4!(%1∋?)∃%9(6Λ!∗,#!(Ι∋−/)(!19#,049!()∋?,#∋1∃,.Λ!,#!?8!=9∃59!19(8!∋#(!#(%1#∃51(6Κ!
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6∃%50%%∃.4!,0#!/#∋51∃5(Λ!=(!5∋.!0%(!19(%(!/#∃.5∃/)(%!1,!(Ι∋−∃.(!∃.6∃3∃60∋)!%1#∋.6%!,∗!
6(3(),/−(.1!∋%!∋!?)(.6!)∃.(Λ!=9∃)%1!19(!.,1∃,.!,∗!∋!?)(.6!∗∃()6!5∋.!?(!∋//)∃(6!1,!(Ι/),#(!∋!
%/(5∃∗∃5!%(51∃,.!,∗!,0#!/#∋51∃5(Λ!∃.!−8!5∋%(Λ!/(#9∋/%Λ!∋06∃,Η3∃%0∋)!#()∋1∃,.%9∃/%Λ!,#!∋!%∃.4)(!
=,#>Κ!<,!4∃3(!∋!∗0#19(#!(Ι∋−/)(Λ!=(!5∋.!∋)%,!5,.%∃6(#!19(!∗∃()6!,∗!%,0.6!∋#1!∋%!∋!?)(.6!
∗∃()6Λ!∋##∃3(6!∋1!19#,049!∋!.0−?(#!,∗!?)(.6!)∃.(%!%059!∋%!−0%∃5Λ!∋#1!∋.6!1(59.,),48!∋%!
6(%5#∃?(6!∃.!Ξ9∋/1(#!χ.(Κ!
!
Υ,=(3(#Λ!∃.!/0∃∗+−.∗+∀∀3∗∀Χ∗!∀#!∃%&7=!&#(4,#8!;Κ!Χ0#/98!=∋#.%!0%!19∋1!Ο∗,#!#(∋)Η)∃∗(!
5,.5(/1%Λ!=(!=,0)6!6,!?(%1!.,1!1,!∋%%0−(!19∋1!∋!%∃.4)(!∗,#−!,∗!5,.5(/10∋)!#(/#(%(.1∋1∃,.!
=∃))!∋55,0.1!∗,#!(3(#819∃.4ϑ!ΜΧ0#/98Λ!∆ΕΕςΛ!/Κ!ΨΓΝΚ!∀1!∃%!∃.!19∃%!%/∃#∃1!19∋1!∀!=,0)6!=∃%9!
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1(#−(6!/#,5(60#∋)!?)(.6∃.4Λ!∀!/#,/,%(6!∋%!∋!−,6()!19#,049!=9∃59!∋#1∃%1%!5∋.!0.6(#%1∋.6!
∋.6!5,−−0.∃5∋1(!/#∋51∃5(Κ!∀.!/#,5(60#∋)!?)(.6∃.4Λ!=(!%()(51!∗#,−!∋!%(1!,∗!∃./01%!∋.6!
5,..(51!()(−(.1%!∃.1,!∋!.(=!/∃(5(!,∗!=,#>Λ!∋)19,049!,01/01%!5∋.!∋)%,!?(!=#∃1∃.4%Κ!Υ(#(Λ!
19(,#8!∋.6!∋#1=,#>%!5,−?∃.(!∃.1,!/,%%∃?)(!,015,−(%!,∗!/#∋51∃5(Κ!∀.!/#,5(60#∋)!?)(.6∃.4Λ!
%(3(#∋)!1#∋_(51,#∃(%!,#!?)(.6!)∃.(%!19∋1!6(3(),/!∃.∃1∃∋)!∃./01%!−∋8!?(!∃.3,)3(6Λ!−∋>∃.4!0/!∋!
?)(.6!∗∃()6Κ!:1!∋.8!/,∃.1Λ!∃./01%!5∋.!?(!∋66(6!,#!6#,//(6Κ!!
!
∀.!19(!%(5,.6!/∋#1!,∗!Ξ9∋/1(#!<9#((!∀!/#(%(.1!−8!−,60)∋#!∋//#,∋59!1,!5,.6051∃.4!/#∃−∋#8!
#(%(∋#592!:∀,∋)(9∗;−∃),∗:∃&0∀,∀)∀.2Λ!19#,049!=9∃59!∀!%0#3(8!19(!∗∃()6!,∗!%,0.6!∋#1!
/#∋51∃5(Κ!∀!∃.1#,605(!19(!∗,0#!−,60)(%2!−8!,=.!/#∋51∃5(!)∋?,#∋1,#8Λ!∋!%(#∃(%!,∗!∃.1(#3∃(=%Λ!
∋.!,.)∃.(!−∋4∋Π∃.(!∋.6!,.(Η1,Η,.(!=,#>%9,/%Λ!19#,049!=9∃59!∀!∃.1(.6!1,!(Ι/),#(!/#∋51∃5(!
∗#,−!6∃∗∗(#(.1!/(#%/(51∃3(%Κ!<9(!−∋1(#∃∋)%!∗#,−!19∃%!#(%(∋#59!∗,#−!19(!?∋%(!,∗!19(!
%0?%(≅0(.1!59∋/1(#%Κ!!
!
∀.!Ξ9∋/1(#!+,0#Λ!∀!=∃))!(Ι/),#(!−8!,=.!/#∋51∃5(Λ!?∋%(6!,.!−∋1(#∃∋)!∗#,−!−,60)(!ΦΚ!∀!=∃))!
?(4∃.!?8!59#,.∃5)∃.4!−8!_,0#.(8!19#,049!/#∋51∃5(!∋.6!5,.%∃6(#!∃1%!∗∃.6∃.4%Λ!∃.5)06∃.4!9,=!
∃1!#(%0)1(6!∃.!59∋.4(%!1,!5,.5(/10∋)!?)(.6∃.4Κ!∀!=∃))!19(.!(Ι∋−∃.(!∗,0#!>(8!=,#>%!19#,049!
19(!)(.%!,∗!?)(.6∃.4Λ!6(−,.%1#∋1∃.4!9,=!19(!%5∋)(∋?∃)∃18!,∗!/#,5(60#∋)!?)(.6∃.4!∋)),=%!−(!
1,!%9∃.(!∋!%/,1)∃491!,.!6∃∗∗(#(.1!∗∋5(1%!,∗!/#∋51∃5(Λ!∗#,−!∗,)),=∃.4!19(!6(3(),/−(.1!,∗!?)(.6!
)∃.(%!1,!(Ι∋−∃.∃.4!5(.1#∋)!∃./01%Κ!
!
∀.!Ξ9∋/1(#!+∃3(!∋.6!Ξ9∋/1(#!Ζ∃ΙΛ!∀!10#.!1,!19(!/#∃−∋#8!#(%(∋#59!5,.6051(6!=∃19!∗()),=!
∋#1∃%1%!∋%!(Ι/),#(6!∃.!−,60)(%!∆Λ!Τ!∋.6!ςΚ!∀.!?#∃.4∃.4!19(!−∋1(#∃∋)!1,4(19(#Λ!∀!0%(!19(!
5,.5(/1!,∗!∃./01!1,!/)∋5(!∃.6∃3∃60∋)!(Ι/(#∃(.5(%!∋.6!5,.5(#.%!.(Ι1!1,!(∋59!,19(#Λ!∋.6!
?(4∃.!1,!6(3(),/!∋!1∋Ι,.,−8!,∗!∃./01%!1,!%,0.6!∋#1!/#∋51∃5(Κ
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43=(<+∃%∗95∋∃.∗+(
!
Ζ,!∗∋#Λ!∀!9∋3(!5,3(#(6!19(!?∋5>4#,0.6!1,!19∃%!#(%(∋#59!=∃19!∃1%!∗,50%!,.!/#∋51∃5(!∗#,−!∋.!
∋#1∃%1ϑ%!/(#%/(51∃3(Λ!∗#,−!−8!,=.!−,1∃3∋1∃,.%!∋.6!∋%/∃#∋1∃,.%!∃.!19(!∀.1#,6051∃,.Λ!∋.!
,3(#3∃(=!,∗!19(!∗∃()6!∃.!Ξ9∋/1(#!χ.(!∋.6!∋!?#∃(∗!%0#3(8!,∗!−8!/∋%1!/#∋51∃5(!∃.!Ξ9∋/1(#!<=,!
1,!5,.%∃6(#∃.4!5,.5(/10∋)!?)(.6∃.4!∃.!Ξ9∋/1(#!<9#((Κ!<9∃%!59∋/1(#!(.5∋/%0)∋1(%!=9∋1!∀!
9∋3(!5∋))(6!−8!/#∋51∃5(!)∋?,#∋1,#8Λ!∋%!,.(!,∗!19(!/#∃−∋#8!#(%(∋#59!−,60)(%!19#,049!=9∃59!
∀!%,0491!1,!∃.3(%1∃4∋1(!/(#%,.∋)!/#,5(%%Κ!!
!
<9(!∋∃−!,∗!19∃%!−,60)(!=∋%!1,!5),%()8!,?%(#3(!−8!,=.!/#∋51∃5(!∋%!∃1!0.∗,)6(6Λ!∃.!19(!?()∃(∗!
19∋1!19∃%!=,0)6!∋)),=!−(!5,.1∃.0(6!∋55(%%!1,!19∃.>∃.4!∋.6!6,∃.4!∃.!∋!=∋8!∃−/,%%∃?)(!1,!
∋59∃(3(!=∃19!∋.,19(#!/(#%,.Λ!∋)?(∃1!=∃19!∋!.∋##,=!%∋−/)(!%∃Π(!,∗!,.(Κ!∀.!−∋>∃.4!=,#>Λ!∀!
∗,)),=(6!∋!1#∋_(51,#8!,∗!(Ι/),#∋1∃,.!19∋1!)(6!−(!∗#,−!∃.∃1∃∋)!≅0(%1∃,.%!,.!19(!.∋10#(!,∗!
/#,5(%%Λ!1,!5,.5(/10∋)!?)(.6∃.4Λ!=9∃59!=∋%!19(.!∋6∋/1(6!∃.1,!/#,5(60#∋)!?)(.6∃.4!∋%!∋!
1,,)!∗,#!∋#1∃%1%!1,!(Ι/),#(!∋.6!5,−−0.∃5∋1(!/#∋51∃5(Κ!
!
<9(!∋∃−!,∗!19∃%!59∋/1(#!∃%!1=,Η∗,)62!∗∃#%1)8Λ!∃1!59#,.∃5)(%!−8!_,0#.(8!19#,049!/#∋51∃5(Λ!∋.6Λ!
−,#(!∃−/,#1∋.1)8Λ!∃1!∋//)∃(%!19(!>(8!/#∃.5∃/)(%!,∗!?)(.6∃.4!1,!19(!6∃%50%%∃,.!,∗!∗,0#!,∗!−8!
>(8!/#,_(51%Κ!∀!=∃))!/#∃.5∃/∋))8!0%(!19(!5,.5(/1%!,∗!∃./01!Μ6(%5#∃?∃.4!∋!−,6(!,∗!/#∋51∃5(ΝΛ!
?)(.6!)∃.(!Μ∋!1#∋_(51,#8!,∗!?)(.6%ΝΛ!?)(.6!∗∃()6!Μ∋.!∃.1(#5,..(51(6!∗∃()6!,∗!?)(.6%Ν!∋.6!
,01/01!Μ(∋59!,015,−(!,∗!/#∋51∃5(ΝΚ!∀.!5,.%∃6(#∃.4!19(%(!/#,_(51%Λ!∀!∃.1(.6!1,!#(3(∋)!
6∃∗∗(#(.1!∗∋5(1%!,∗!9,=!?)(.6∃.4!5∋.!?(!0%(6!1,!6∃%50%%!/#∋51∃5(Λ!∗#,−!∗,)),=∃.4!∃.6∃3∃60∋)!
?)(.6!)∃.(%!∃.!19(!−∋>∃.4!,∗!=,#>Λ!1,!5,.6051∃.4!∋!%0#3(8!,∗!19(!/#(6,−∃.∋.1!∃./01%!19∋1!
∋#(!(.5∋/%0)∋1(6!∃.!∃1Κ!
!
∀!=∃))!?(4∃.!19∃%!59∋/1(#!?8!/#,3∃6∃.4!∋!?#∃(∗!,01)∃.(!,∗!∋))!19(!/#,_(51%ρ!19(!5#(∋1∃3(!,01/01%!
19(−%()3(%!∋#(!∋//(.6(6!,.!19(!∋55,−/∋.8∃.4!6∋1∋!ΑΑΚς[!
!
43Π(Υ%&∋∃.∋,(∗Λ,%Λ.,7(
!
:%!/∋#1!,∗!19∃%!#(%(∋#59Λ!∀!5,.6051(6!1(.!/#,_(51%Λ!−,%1!,∗!=9∃59!5,.1∋∃.!%(3(#∋)!=,#>%Κ!∀.!
(∋59!/#,_(51Λ!∀!∃.1(.6(6!1,!/#,?(!%/(5∃∗∃5!∋%/(51%!,∗!/#,5(%%!%059!∋%!%(.%,#∃∋)!(Ι/(#∃(.5(Λ!
                                            
ς[!δ,#>%!∋#(!5,.1∋∃.(6!=∃19∃.!∋!∗,)6(#!(.1∃1)(6!Ο/#∋51∃5(!/#,_(51%ϑΛ!=∃19∃.!=9∃59!19(8!∋#(!∋##∋.4(6!∃.!
59#,.,),4∃5∋)!,#6(#Λ!∗,)),=∃.4!19(!∗,#−∋1!,∗!19∃%!59∋/1(#Κ!β∋59!∃%!%0//)(−(.1(6!?8!∋!ΒΑ+!∗∃)(!5,−/#∃%∃.4!
∃.%1#051∃,.%!=9(#(!#()(3∋.1!∋.6!∗0#19(#!6,50−(.1∋1∃,.Κ!
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∋.6Λ!,.5(!∋=∋#(!,∗!5,.5(/10∋)!?)(.6∃.4Λ!∃1%!/#∃.5∃/)(%!/)∋8(6!∋!/∋#1Κ!+0#19(#−,#(Λ!∀!
0.5,3(#(6!0./#(6∃51(6!∃.∗,#−∋1∃,.Κ!!
!
∀.!19(!∗,)),=∃.4!,3(#3∃(=Λ!∀!=∃))!?#∃(∗)8!,01)∃.(!19(!>(8!∃./01%!∋.6!,01/01%!,∗!(∋59!/#,_(51!
Μ)∃%1(6!∃.!59#,.,),4∃5∋)!,#6(#Ν2!
!
ΦΚ ∆∀9+∃&∗Υ∃9−∀,2!:!%8−?,)∃5!=,#>!5,.%∃%1∃.4!,.)8!,∗!∋!#(1#,%/(51∃3(!1∃1)(Λ!=9∃59!
6(%5#∃?(%!∋!/(#∃,6!,∗!#(5∋)∃?#∋1∃,.!?(∗,#(!(−?∋#>∃.4!,.!.(=!/#,_(51%Κ!∀!?(5∋−(!
∋=∋#(!9,=!∃−/,#1∋.1!/(#∃,6%!,∗!∃.∋51∃,.Λ!∃.!19(!%(.%(!,∗!.,1!/#,605∃.4!∋.8!∋510∋)!
=,#>%Λ!5∋.!?(!1,!19(!6(3(),/−(.1!,∗!/#∋51∃5(Κ!<9(!−∋∃.!∃./01%!∋#(!#(∋6∃.4!∋.6!
5,.3(#%∋1∃,.ρ!19(!,01/01%!∋#(!19(!#(∋)∃%∋1∃,.!∋.6!19(!4(#−∃.∋1∃,.!,∗!19(!.(Ι1!=,#>Κ!!
∆Κ >#∗?∗≅(267∗Α∀932!<9∃%!∗∃#%1!∋510∋)!/#,_(51!5,.%∃%1%!,∗!1=,!5,−/)(−(.1∋#8Λ!%∃1(Η
%/(5∃∗∃5!−,?∃)(!/9,.(!/∃(5(%Κ!β∋59!)∃.>%!∋!%∃)(.1!/9,1,4#∋/9∃5!%)∃6(%9,=!
Μ5,−?∃.(6!∃.1,!∋!∗∃)−Ν!=∃19!),5∋1∃,.!%,0.6Κ!<9#,049!19(!=,#>Λ!∀!∋%>(6!=9∋1!∃−/∋51!
∋!.(=!1,,)!Μ−,?∃)(!/9,.(Ν!−∃491!9∋3(Λ!∋.6!9,=!=(!5∋.!#(%,)3(!,//,%∃1(%Λ!∋%!
∋%/(51%!,∗!/#∋51∃5(Λ!19#,049!_0Ι1∋/,%∃1∃,.Κ!<9(%(!≅0(%1∃,.%!?(5∋−(!19(!−∋∃.!?)(.6!
)∃.(%Λ!∃.!∋66∃1∃,.!1,!/9,1,4#∋/98Λ!),5∋1∃,.!%,0.6Λ!=∋)>∃.4!∋.6!%(.%,#∃∋)!
(Ι/(#∃(.5(Κ!∀!=∃))!5,.%∃6(#!19∃%!/#,_(51!∋%!,.(!,∗!−8!∗,0#!>(8!=,#>%!?(),=Κ!
ΤΚ ∀Γ∃9∗9−,∃2!:!%(5,.6!%(#∃(%!,∗!1=,!∃.1(#5,..(51(6!=,#>%!∗,#!−,?∃)(!/9,.(Λ!19∃%!1∃−(!
∃.!5,−?∃.∋1∃,.!=∃19!∋!6,0?)(Η6(5>(#!?0%Κ!<9(!∋∃−!,∗!19∃%!/∃(5(!=∋%!1,!4∋∃.!∋!
3∃%5(#∋)!0.6(#%1∋.6∃.4!,∗!%(.%,#∃∋)!(Ι/(#∃(.5(Λ!=9∃59!∀!∃6(.1∃∗∃(6!∋%!∋.!∋%/(51!,∗!
−∋>∃.4Κ!∀!6∃6!%,!?8!∋11(−/1∃.4!1,!∃.1(##0/1!19(!∃.1(#∋51∃,.!,∗!9(∋#∃.4!∋.6!%((∃.4!
19#,049!−,3(−(.1Κ!<9(!−∋∃.!∃./01%!9(#(!=(#(!19(!6(%∃#(!1,!0.6(#%1∋.6!−∋>∃.4!
∋%!∋!%(.%,#∃∋)!(Ι/(#∃(.5(!19∋1!5,−?∃.(6!=∃19!1#∋3())∃.4!,.!?0%(%Λ!5,.1∃.0∃.4!?)(.6!
)∃.(%!,∗!0%∃.4!%∃491!∋.6!%,0.6Λ!∋.6!_0Ι1∋/,%∃1∃,.%Κ!Θ,19!19∃%!∋.6!19(!/#(3∃,0%!
/#,_(51!(%%(.1∃∋))8!∗0.51∃,.(6!∋%!5#,%%!?)(.6%!?(1=((.!%∃491!∋.6!%,0.6Λ!
(Ι/(#∃(.5(%!∋.6!/)∋5(%Λ!#(∋∗∗∃#−∃.4!%∃1(!∋%!∋.!∃−/,#1∋.1!∃./01!1,!−8!=,#>Κ!!
ςΚ /9(!∃7∗−#Β∀ΧΒ1−&0∗∆∀∋#,2!:!%(#∃(%!,∗!∗,0#!∋06∃,Η3∃%0∋)!/(#∗,#−∋.5(%!∋.6!,.(!
∃.%1∋))∋1∃,.!0%∃.4!)∃3(!∃−/#,3∃%(6!∋.6!3,∃5(!∃.!5,−?∃.∋1∃,.!=∃19!∋!∗∃)−!,∗!−8!
6#∋=∃.4%Κ!Υ(#(!∀!∃.∃1∃∋))8!=∋.1(6!1,!0.6(#%1∋.6!9,=!−8!5,.5(/1∃,.%!,∗!−0%∃5!
−∃491!59∋.4(!=9(.!(Ι/,%(6!1,!6#∋=∃.4Κ!∀!∋)%,!∃.1(.6(6!1,!−∋>(!19(!.,1∃,.!,∗!
/#,5(%%!∋%!∋!6(3(),/−(.1∋)!59∋∃.!−,#(!(Ι/)∃5∃1Κ!+0#19(#!∃./01%!∃.5)06(6!1=,!
#(50##∃.4!?)(.6!)∃.(%!,∗!−8!/#∋51∃5(Λ!−0%∃5!∋.6!3,∃5(!∃.!/(#∗,#−∋.5(!,.!19(!,.(!
9∋.6!∋.6!∋06∃,Η3∃%0∋)!%5#((.Η?∋%(6!=,#>!,.!19(!,19(#Κ!<9∃%!=,#>!∋)%,!∃.1#,605(6!
∋.,19(#!.(=!()(−(.1Λ!6#∋=∃.4Λ!=9∃)%1!5,.1∃.0∃.4!=∃19!19(!∃6(∋!,∗!)∃.>∃.4!%∃491!
=∃19!%,0.6!19#,049!−,3(−(.1Λ!∋.6!.,1∃,.%!,∗!−∋//∃.4Κ!<9(!∃.∃1∃∋)!∋∃−!,∗!19(!
%(#∃(%!=∋%!1,!%1068!9,=!6#∋=∃.4!=,0)6!∃−/∋51!,.!−8!0.6(#%1∋.6∃.4!,∗!−0%∃5Κ!Θ8!
∗,)),=∃.4!(−(#4(.1!19#(∋6%Λ!∀!6(3(),/(6!19(!.,1∃,.!,∗!∋06∃,Η3∃%0∋)!%/∋1∃∋)∃18!
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∃.%1(∋6Κ!<9∃%!3(#8!5,−/)(Ι!/#,_(51!∃%!(Ι/),#(6!∋%!19(!%(5,.6!,∗!−8!>(8!=,#>%!∃.!
−,#(!6(1∋∃)!?(),=Κ!
ΓΚ ∆%∀3∃#∗∆∀#.72!<9(!−∋∃.!∃./01!1,!19∃%!/#,_(51!=∋%!∋.!∃.3(%1∃4∋1∃,.!∃.1,!19(!
/#∃.5∃/)(%!,∗!−∋//∃.4Λ!,#!0.6(#%1∋.6∃.4!,.(!19∃.4!∃.!1(#−%!,∗!∋.,19(#Κ!∀.!19∃%!5∋%(Λ!
∀!(Ι/),#(6!%,−(!,∗!−8!/,(1∃5!1(Ι1%!∋%!%,.4%Κ!∆%∀3∃#∗∆∀#.7!!=∋%!∋)%,!/#,−/1(6!?8!∋!
/,%%∃?)(!5,−−∃%%∃,.!(.≅0∃#8Λ!∋.6Λ!=9(.!19∃%!∃./01!∗())!∋=∋8Λ!∀!∃.∃1∃∋))8!6(5∃6(6!.,1!
1,!1∋>(!/#,_(51!?(8,.6!5,.%∃6(#∃.4!9,=!−∋//∃.4%!,∗!%,.4!,.1,!1(Ι1!5,0)6!?(!
∋59∃(3(6Λ!19#,049!(Ι/),#∃.4!/∋#∋))()%!,∗!−(),68Λ!#9819−!∋.6!%5,#(Κ!∀1!=∋%!?(40.!
=9(.!∀!=∋%!%1∃))!(.4∋4(6!=∃19!/9(!∃7∗−#Β∀ΧΒ1−&0∗∆∀∋#,Λ!=9∃59!∋)%,!∋//(∋#(6!∋%!∋.!
∃./01!?8!∃.1#,605∃.4!19(!/,%%∃?∃)∃18!19∋1!∀!−∃491!∃.5,#/,#∋1(!5#(∋1∃3(!(Ι/#(%%∃,.%!
19∋1!∀!9∋6!5,.%∃6(#(6!/#∃3∋1(Λ!%059!∋%!6#∋=∃.4%!∋.6!/,(−%Λ!∃.1,!−8!=,#>!∋%!∋!
%,0.6!∋#1∃%1Κ!∆%∀3∃#∗∆∀#.7!5,.1∃.0(6!1,!6(3(),/!∃.!19(!?∋5>4#,0.6!∋.6!∀!)∋1(#!
/0?)∃%9(6!∋!?,,>)(1!,∗!19(%(!1(Ι1%!∋%!∋!5#(∋1∃3(!,01/01Κ!:!%(5,.6!,01/01!5,.%1∃101(%!
19(!#(∋)∃%∋1∃,.!19∋1!/#,5(%%!5∋.!∋//(∋#!∃.!∗#∋4−(.1(6!%(51∃,.%Λ!∋.6!=∃19!
%0?5,.%5∃,0%!0.6(#50##(.1%Κ!
ΨΚ Τ∃5∃5+∃9−#.∗Α∀9),72!:!.∃.(Η59∋..()!%∃1(Η%/(5∃∗∃5!5,))∋?,#∋1∃3(!%,0.6!∃.%1∋))∋1∃,.!
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.,!6∃#(51)8!#()(3∋.1!5,.%∃6(#∋1∃,.%!,∗!19∃%!.,1∃,.!∃.!19(!)∃1(#∋10#(ΛΓ⊥!%9,=∃.4!19∋1!
0.(Ι/(51(6!∋.6!.(=!,015,−(%!%059!∋%!19∃%!5∋.!?(!∋.!,01/01!,∗!/#∋51∃5(Κ!+0#19(#−,#(Λ!∋%!
=∃19!−8!/#(3∃,0%!/∃(5(∗∀Γ∃9∗9−,∃Λ!∀!∗,0.6!19(!∃./01!,∗!−,3(−(.1!=∋%!∋!>(8!∗∋51,#!∗,#!
(%1∋?)∃%9∃.4Λ!,#!∃.1(##0/1∃.4Λ!5,.4#0(.1!(Ι/(#∃(.5(Λ!∃))0%1#∋1∃.4!19(!/#∃.5∃/)(%!,∗!∋!
5,.1∃.0∃.4!?)(.6!)∃.(!∃.5,#/,#∋1∃.4!6(3(),/∃.4!5,.5(#.%!%059!∋%!−,1∃,.Κ!
                                            
Γ[!<9(!Ο∗#∋4−(.1(6!5,0.1(#/,∃.1ϑΛ!/)∋8%!=∃19!%∃.4)(!%,.∃5!(3(.1%Λ!#∋19(#!19∋.!19(!−,#(!1#∋6∃1∃,.∋)!.,1∃,.%!,∗!
()(51#,∋5,0%1∃5!6∃∗∗0%∃,.Λ!=9∃59!?(4∋.!1,!6(3(),/!=∃19!−8!∃.%1∋))∋1∃,.!Υ(9())∃)∗/∃8&∋9∃7!Μ%((!Ξ9∋/1(#!<=,ΝΚ!∀1!
5,.5(∃3(6!,∗!∃.6∃3∃60∋)!%,.∃5!∃.%1∋.5(%!90#1)∃.4!19#,049!%/∋5(Λ!∋.6!∃%!∋!5(.1#(!/,∃.1!∗,#!19,%(!,55∋%∃,.∋))8!
−,#(!5,..(51(6!)∃.(%Κ!
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+∃40#(!ΦΤΚ!∀−∋4(%!∗#,−!19(!Ζ,0.6+_,#6!#(%∃6(.58Λ!19(!1∋)>!∋.6!19(!/(#∗,#−∋.5(!
!
<9(!−∋∃.!5,.5(/10∋)!?)(.6!)∃.(!60#∃.4!19∃%!1∃−(!5,.%∃6(#(6!∋%!∃./01%!ΜΦΝ!3∃%0∋)!/∋11(#.%!
19#,049,01!19(!=,#)6Λ!Μ∆Ν!∋?,#∃4∃.∋)!)∃.>%!?(1=((.!∃−∋4(%!∋.6!%,.4%!∋%!−∋/%Λ!ΜΤΝ!19(!
90−∋.!3,∃5(!∋.6!.,1∃,.%!,∗!(Ι/#(%%∃3∃18!∋.6!ΜςΝ!Ω∋.6∃.%>8ϑ%!5,..(51∃,.%!?(1=((.!
6#∋=∃.4!∋.6!3,∃5(ΨΦ!∋%!=())!∋%!19(!#()∋1∃,.%9∃/!?(1=((.!?)∋5>.(%%!Μ0%(6!(Ι1(.%∃3()8!
19#,049,01!19(!∗∃)−Ν!∋.6!%∃)(.5(Κ!
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+∃#%1Λ!∀!/#(/∋#(6!∋!.(=!∗∃)−Λ!=9∃59!=∋%!?∋%(6!,.!19(!∃.∃1∃∋)!/#∃.5∃/)(%Λ!?01Λ!.,=Λ!∋)%,!
∃.5)06(6!%∃−/)(!−,3(−(.1%Κ!<9∃%!=∋%!/∋#1∃∋))8!/#,−/1(6!?8!∋06∃(.5(!∗((6?∋5>!∀!#(5(∃3(6!
∋1!Ξ∃18!7.∃3(#%∃18!∋%!∋.!∋66∃1∃,.∋)!∃./01Κ!<9(!(−(#4∃.4!%(≅0(.5(%Λ!19(!#(%0)1!,∗!6∃4∃1∋))8!
Π,,−∃.4!∃.1,!%5∋..(6!6#∋=∃.4%Λ!#(−∃.6(6!−(!?,19!,∗!1#∃?∋)!,#!5∋3(!∋#1!∋.6!∃−∋4(%!,∗!19(!
0.∃3(#%(Λ!∋.6!∋//(∋)(6!∃.!19(∃#!5,..,1∋1∃,.%!=∃19!∋#59(18/(!∋.6!1(59.,),48Κ!<9(!∗∃.∋)!∗∃)−!
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19(!∗∃)−%!5,0)6!?(!6∃%/)∋8(6!0.%8.59#,.∃%(6Λ!−,#/9∃.4!∃.!∋.6!,01!,∗!(∋59!,19(#Κ!<9(!
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{ %,0.6!∴!3∃%∃,.!!
{ ?∃4!Μ),06Λ!?#∃491Ν!∴!%−∋))!Μ6∋#>Λ!≅0∃(1Ν!
{ 5,.5#(1(!Μ#(/#(%(.1∋1∃,.!∃−∋4(%Λ!#(5,4.∃%∋?)(!%∃.4∃.4Ν!∴!∋?%1#∋51!ΜΠ,,−(6!∃.!
∃−∋4(%Λ!∋?%1#∋51(6!%,0.6Ν!
{ %1∋1∃5!∴!−,3(−(.1!
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!
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∀.∃1∃∋))8Λ!∀!9∋6!∃.1(.6(6!1,!%()(51!19(!−,%1!(∗∗(51∃3(!?),5>%!∋5#,%%!19(!%(#∃(%Κ!Υ,=(3(#Λ!∀!
6(5∃6(6!1,!5,−?∃.(!19(!∋06∃,!#(5,#6∃.4!∗#,−!19(!/(#∗,#−∋.5(!∋1!19(!Β9,(.∃Ι!∃.!Θ#∃491,.!
=∃19!19(!3∃%0∋)%!%9,=.!∋1!19(!(3(.1Λ!∃.1#,605(6!?8!1=,!(Ι/)∋.∋1,#8!%1∃))%!19∋1!
(.5∋/%0)∋1(6!−8!∃.1(#(%1!∃.!−,3(−(.1!∋.6!_0Ι1∋/,%∃1∃,.!Μ+∃40#(!Φ[ΝΚ!Υ,=(3(#Λ!∃.!
#(3∃(=∃.4!∋))!−∋1(#∃∋)%Λ!(∋59!∗,#−(6!∋.!∃./01!1,!19(!∗∃.∋)!3(#%∃,.Λ!∋%!=∋%!19(!(Ι/(#∃(.5(!,∗!
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/9(!∃7∗−#Β∀9Β1−&0∗∆∀∋#,!?#,0491!1,4(19(#!∋!4#(∋1!.0−?(#!,∗!∃./01%!∋.6!∋)%,!8∃()6(6!
%(3(#∋)!,01/01%Κ!:%!/∋#1!,∗!19∃%!/#,_(51Λ!19(!1(−/,#∋)!∋%/(51%!,∗!/#∋51∃5(!=(#(!−∋6(!
(Ι/)∃5∃1Κ!χ3(#!1∃−(Λ!∃./01%!=(#(!∋66(6!Μ∗,#!(Ι∋−/)(Λ!0%∃.4!−0)1∃/)(!%5#((.%ΝΛ!∗())!∋=∋8!Μ∗,#!
                                            
Ψ∆!:%!−(.1∃,.(6!(∋#)∃(#Λ!,.(!∃.%/∃#∋1∃,.!1,!/9(!∃7∗−#Β∀ΧΒ1−&0∗∆∀∋#,=!=∋%!∋.!(∋#)∃(#!/(#∗,#−∋.5(!∋1!∆∀∋#,7∗(&∗
&0∃∗:∋7∃=!50#∋1(6!?8!Χ∋#1∃.!Ζ−∃19Κ!∀.!19(!%0−−(#!,∗!∆ΕΦΤΛ!∀!#(5(∃3(6!∋!5∋))!∗,#!∋.,19(#!%9,=!9(!=∋%!50#∋1∃.4Λ!
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inalising 
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online 
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physical 
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i/p 2014 
decision to 
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residencies
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!∀#!∃%&∋∋(#)∗(+,∋−.∃/
!01#/∋2−%
!03#4./.∋−
i/p 
Remembering 
Worlds
o/p 
review of 
inputs
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/#(%(.1%!∋!%()(51∃,.!∃.!)∃.(!=∃19!19(!%5,/(!,∗!19∃%!19(%∃%Κ!+,#!#(∋%,.%!,∗!3,)0−(Λ!19∃%!
−∋1(#∃∋)!∃%!%/)∃1!∋5#,%%!1=,!59∋/1(#%Κ!∀.!19∃%!59∋/1(#Λ!∀!=∃))!(Ι/),#(!19(!#()∋1∃,.%9∃/!
?(1=((.!19(!19#((!∃./01%!∃6(.1∃∗∃(6!∃.!Ξ9∋/1(#!χ.(Λ!∋%!5,.1#∃?01,#%!1,!19(!6(3(),/−(.1%!,∗!
%,0.6!∋#1!∋%!∋!∗∃()62!∗∃.(!∋#1Λ!−0%∃5!∋.6!1(59.,),48Λ!0.6(#!19(!?∋..(#%!,∗!%∃491Λ!%,0.6Λ!
1,,)%Κ!Ξ9∋/1(#!Ζ∃Ι!(Ι/),#(%!19(!19(−(%!,∗!9,=!∃./01%!−∃491!?(!(Ι1(.6(6Λ!.,1∃,.%!,∗!
∗#((6,−Λ!∋.6!19(!∋#1∃%1!∋%!∋!90−∋.!?(∃.4Κ!∀1!=∃))!∋)%,!∃.5)06(!∋!%(51∃,.!,.!9,=!∃./01%!−∃491!
?(!∃.1(4#∋1(6Κ!
!
δ9∃)%1!Ξ9∋/1(#!+∃3(!∋.6!Ξ9∋/1(#!Ζ∃Ι!∗,50%!,.!∃./01%Λ!19(!,19(#!∋%/(51%!,∗!/#,5(60#∋)!
?)(.6∃.4!0%(6!∃.!Ξ9∋/1(#!+,0#Λ!%059!∋%!?)(.6!)∃.(%Λ!?)(.6!∗∃()6%!,#!)(.%(%Λ!9∋3(!.,1!?((.!
6∃%5∋#6(6Κ!+,#!#(∋%,.%!,∗!%/∋5(Λ!9,=(3(#Λ!∀!=∋%!0.∋?)(!1,!4∃3(!19(−!(≅0∋)!(Ι/,%0#(Λ!∋.6!∀!
9∋3(!6#∋=.!,.!19(−!,.)8!,55∋%∃,.∋))8Λ!=9(#(!∀!5,0)6!6,!%,!=∃19,01!0.60)8!(Ι1(.6∃.4!19(!
6∃%50%%∃,.Κ!!
!
:%!∋!?#∃(∗!#(−∃.6(#Λ!19(!−∋1(#∃∋)%!5,.1∋∃.(6!∃.!Ξ9∋/1(#!+∃3(!∋.6!Ξ9∋/1(#!Ζ∃Ι!=(#(!
5,))(51(6!19#,049!19#((!−,60)(%2!Φ⊥!∃.1(#3∃(=%!=∃19!∗()),=!/#∋51∃1∃,.(#%Λ!19#((!∃%%0(%!,∗!
∋.!,.)∃.(!−∋4∋Π∃.(!(.1∃1)(6!Τ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗−#∗∆∀∋#,=!∋.6!19#((!,.(Η,.Η,.(!5#(∋1∃3(!
=,#>%9,/%Κ[Φ!<9(8!∋#(!∃6(.1∃∗∃(6!=∃19∃.!19(!1(Ι1!∃.!?#∋5>(1%!∗,)),=∃.4!#(%/(51∃3(!
≅0,1∋1∃,.%!,#!%(51∃,.%ρ!=9(#(!∀!#(∗(#!1,!)∋1(#!5)∋#∃∗∃5∋1∃,.%!19(!1(#−!Ο/(#%,.∋)!
5,−−0.∃5∋1∃,.ϑ!∃%!0%(6Κ!:1!1∃−(%Λ!∀!9∋3(!5,.3(8(6!∋#1∃%1%ϑ!#(%/,.%(%!∃.!∃.6∃#(51!%/((59Λ!
/#∃−∋#∃)8!∗,#!/0#/,%(%!,∗!5)∋#∃18!∋.6!∗),=Λ!?01!∋)%,!∗,#!#(∋%,.%!,∗!5,−/#(%%∃,.Κ!;∋%1)8Λ!
=9(#(Λ!∃.!19(!∗,)),=∃.4!59∋/1(#Λ!∀!1∋)>!∋?,01!∋#1∃%1%Λ!∀!1∋>(!19∃%!1,!−(∋.!19(!∋#1∃%1%!19∋1!1,,>!
/∋#1!∃.!19∃%!#(%(∋#59Λ!0.)(%%!,19(#=∃%(!∃.6∃5∋1(6Κ!
!
Μ3Π(Γ1,(.+?5∃#(∗/(#.:1∃(&+9(#∗5+9(
!
∀!=∃))!?(4∃.!19∃%!5,.%∃6(#∋1∃,.!,∗!∃./01%!1,!%,0.6!∋#1!/#∋51∃5(!?8!5,−∃.4!?∋5>!1,!∋!
#()∋1∃,.%9∃/!(Ι/),#(6!∃.!Ξ9∋/1(#!χ.(Λ!19∋1!?(1=((.!%∃491!∋.6!%,0.6Κ!∀.!Ξ9∋/1(#!χ.(Λ!∀!
/#(%(.1(6!∗∃.(!∋#1!∋.6!−0%∃5!∋%!1#∋_(51,#∃(%Λ!∋%!9∃%1,#∃5∋)!?)(.6!)∃.(%!19∋1!5,.1#∃?01(6!1,!
19(!6(3(),/−(.1!,∗!%,0.6!∋#1!∋%!∋!/#∋51∃5(Λ!∋.6!(Ι/)∋∃.(6!9,=!%,−(!∗∃.(!∋#1%!−(19,6%Λ!
%059!∋%!5,))∋4(Λ!,#!.,1∃,.%!,∗!−∋1(#∃∋)∃18!=(#(!−∋//(6!,.1,!%,0.6Κ!
!
∀.!9∃%!?,,>Λ!ϑ(!3.9∀∋#,∗#∀−7∃4∗%∃97%∃!&−Γ∃7∗∀#∗7∀∋#,∗(9&Λ!Θ#∋.6,.!;∋Θ())(!/,∃.1%!1,!19(!
Ο,∗1(.!0.6(##(/#(%(.1(6!5#,%%,3(#!?(1=((.!19(!3∃%0∋)!∋#1%!∋.6!19(!%,.∃5!∋#1%ϑ!Μ∆ΕΕ]Λ!//Κ!!
                                            
[Φ!∀!9∋3(!∋//(.6(6!∋!%()(51∃,.!,∗!19(!,#∃4∃.∋)!∃.1(#3∃(=%!#(5,#6∃.4%!∋.6!∋))!∃%%0(%!,∗!Τ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗−#∗
∆∀∋#,!,.!19(!∋55,−/∋.8∃.4!ΑΑΚ!Ζ0−−∋#∃(%!,∗!19(!=,#>%9,/%!5∋.!?(!∗,0.6!∃.!19(!://(.6∃ΙΚ!
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ΦΓΕΗΦΓΦΝΚ!∀.!∋!#(5(.1!5∋))!∗,#!5,.1#∃?01∃,.%!1,!∋!∗,#195,−∃.4!%/(5∃∋)!∃%%0(!,∗!Ν9.(#−7∃,∗
∆∀∋#,=!%,0.6!∋#1ϑ%!5),%(!5,..(51∃,.!1,!19(!3∃%0∋)!∋#1%!6∃%5,0#%(Λ!#∋19(#!19∋.!−0%∃5Λ!∃%!
∃6(.1∃∗∃(6!∋%!∋!)∃−∃1∃.4!,.(!Μ,(4()∃.!υ!&∋#6.(#Λ!∆ΕΦςΛ!,.)∃.(ΝΚ!<9(%(!1=,!%1∋1(−(.1%!
(.5,−/∋%%!%,−(!,∗!19(!3∃(=%!#(4∋#6∃.4!9,=!3∃%0∋)!∋#1!∋.6!%,0.6!−∋8!#()∋1(!1,!(∋59!
,19(#Κ!
!
∀.!19(!∗,)),=∃.4!19#((!%(51∃,.%Λ!∀!=∃))!/#(%(.1!9,=!19(!∋#1∃%1%!19∋1!1,,>!/∋#1!∃.!19∃%!#(%(∋#59!
9∋3(!(Ι/#(%%(6!19(!#()∋1∃,.%9∃/!?(1=((.!%∃491!∋.6!%,0.6Κ!∀!=∃))!?(4∃.!=∃19!19(!
5,..(51∃,.%!?(1=((.!∗∃.(!∋#1!∋.6!%,0.6Λ!19(.!−,3(!,.!1,!−0%∃5!∋.6!%,0.6!∋#1Λ!∋.6!∗∃.∋))8!
(Ι/),#(!9,=!%∃491!∋.6!%,0.6!−∃491!?(!)∃.>(6!∃.!/#∋51∃5(Κ!
!
Μ3Π3=(Ρ.#5&8(&%∃(&+9(#∗5+9!
!
∀.!Ξ9∋/1(#!χ.(Λ!∀!,01)∃.(!9,=!%,−(!∋%/(51%!,∗!%,0.6!∋#1!/#∋51∃5(!9∋3(!?((.!9∃%1,#∃5∋))8!
∃.%/∃#(6!?8!3∃%0∋)!∋#1Κ!<9∃%!∃%!%1∃))!19(!5∋%(!∗,#!−∋.8!%,0.6!∋#1∃%1%!1,6∋8Λ!−∋.8!,∗!=9,−!
(Ι/),#(!.,1∃,.%!,∗!%,.∃5!−∋1(#∃∋)∃18Κ!!
!
Ζ,0.6!∋#1∃%1!∋.6!/9,1,4#∋/9(#!<∋.%8!Ζ/∃.>%Λ!∗,#!(Ι∋−/)(Λ!6#∋=%!,.!/∋#∋))()%!=∃19!
/9,1,4#∋/98!1,!≅0(%1∃,.!∃.!=9∋1!=∋8!%9(!−∃491!/,∃.1!1,=∋#6%!−∋1(#∃∋)∃1∃(%!,∗!%,0.6!∋%!
/∋#1!,∗!9(#!=,#>!ΜΤ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗−#∗∆∀∋#,Λ!,)Κ!∆ΝΚ!δ9∃)%1!∋06∃,Η3∃%0∋)!/(#∗,#−(#!
Θ)∋.5∋!Σ(4∃.∋!(Ι/(#∃(.5(%!19∃%!∋%/(51!3(#8!6∃#(51)8Κ!Ζ9(!1∋)>%!∋?,01!?0∃)6∃.4!0/!%,0.6!∃.!
)∋8(#%!)∃>(!0%∃.4!/∋∃.1!Μ∆ΕΦΤΛ!/(#%,.∋)!∃.1(#3∃(=ΝΚ!+,#!Σ,?(#1!Ξ0#4(.3(.Λ!=9,!=,#>%!=∃19!
∗∃()6!#(5,#6∃.4%Λ!/∃/(!,#4∋.%Λ!∗((6?∋5>!%8%1(−%!,#!10#.1∋?)(%!∋−,.4!,19(#%Λ!19∃%!%,.∃5!
−∋1(#∃∋)∃18!∃%!∋!/∋#1∃50)∋#!∗,50%!,∗!/#∋51∃5(2!
!
Ρ!19(!,19(#!6∋8!∀!=∋%!1#8∃.4!1,!%((!−0%∃5!∋%!/∋∃.1∃.4Λ!?01!∋)%,!=∃19!,∃)%Λ!9,=!8,0!5∋.!
>∃.6!,∗!%−064(!19(−!∋.6!/0%9!19(−!∋#,0.6!∋.6!19(8ϑ#(!≅0∃1(!19∃5>!∋.6!3∃%5,0%!∋.6!
)∃>(Λ!19∋1!∋))!,∗!19(!%,0.6%!19∋1!∀!)∃>(!∋#(!∋))!≅0∃1(!/98%∃5∋)Λ!9,=!8,0!5∋.!)∃1(#∋))8!∗(()!
%,−(!,∗!19(!%,0.6%!#0??∃.4!∋4∋∃.%1!(∋59!,19(#!∃∗!8,0!4(1!19(!3,)0−(%!_0%1!#∃491Κ!Ζ,Λ!
0%∃.4!19(!%/(∋>(#%!19∋1!∀ϑ3(!4,1!(3(#819∃.4!∃%!∃.5#(6∃?)8!1∋51∃)(Κ!Μ∆ΕΦΤΛ!/(#%,.∋)!
∃.1(#3∃(=Ν!
!
Ζ,0.6!∃%!∋!1∋51∃)(!(Ι/(#∃(.5(!∋#∃%∃.4!∗#,−!−∋//∃.4!()(−(.1%!∗#,−!19(!∃./01!,∗!/∋∃.1∃.4!
,.1,!%,0.6Λ!∋.6!1(59.,),48!∃%!0%(6!1,!∋∗∗(51!?,19!19(!%,.∃5!∋.6!90−∋.!?,68!19#,049!
∋−/)∃∗∃5∋1∃,.Κ!Α(%/∃1(!∋!6∃∗∗(#(.5(!∃.!/#∋51∃5(!∋.6!?∋5>4#,0.6Λ!0.6(#%1∋.6∃.4%!,∗!%,.∃5!
−∋1(#∃∋)∃18!?(1=((.!19(%(!∋#1∃%1%!∋#(!%∃−∃)∋#Κ!
!
∀.!9∃%!=,#>Λ!Χ∃>(!Θ),=!6#∋=%!,.!19(!1∋51∃)(!.∋10#(!,∗!%50)/10#(Κ!:%!,?_(51%!5∋.!?(!1,059(6!
/98%∃5∋))8Λ!%,!%,0.6!5∋.!?(!1,059(6!∃.!∋.6!?8!19(!∃−∋4∃.∋1∃,.Κ!Θ8!−∋//∃.4!19(!()(−(.1!,∗!
1,059Λ!%,0.6!?(5,−(%!19#((Η6∃−(.%∃,.∋)!−∋11(#!∃.!19(!−∃.6Λ!∋.6Λ!∋%!%059Λ!5∋.!?(!
∃.9∋?∃1(6!Μ∆ΕΦ∆Λ!/(#%,.∋)!∃.1(#3∃(=ΝΚ!<9∃%!∃.9∋?∃1∋?)(!%/∋1∃∋)∃18!∋%!(−?,6∃(6Λ!,#!
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Ο/%859,%/∋1∃∋)ϑ!(Ι/(#∃(.5(!ΜΩ∋9.Λ!∆ΕΕΦΛ!/Κ!∆]ΨΝΛ!9∋%!(.1∃5(6!∋#1∃%1%!∋=∋8!∗#,−!3∃%0∋)!∋#1!1,!
%,0.6!∋#1!∋%!Α∋3∃6!<,,/!(Ι/)∋∃.%2!
!
χ.(!,∗!19(!19∃.4%!19∋1!9∋%!∋)=∋8%!(Ι5∃1(6!−(!∋?,01!−0%∃5!∋.6!%1∃))!6,(%Λ!∃%!19(!
∃−−(#%∃3(.(%%!,∗!∃1Κ!<9(!∗∋51!19∋1!∃1ϑ%!>∃.6!,∗!∋!=9,)(Η?,68!(.4∋4(−(.1Κ!:.6!19∋1ϑ%!
3(#8!6∃∗∗(#(.1!1,!%∋8!=#∃1∃.4Λ!=9∃59!∃%!,?3∃,0%)8!∋!/#(118!−059!(≅0∋)!/∋#1!,∗!−8!
=,#>Λ!5∋#((#Κ!∀!19∃.>!∃1ϑ%!∋)%,!1#0(!∗,#!3∃%0∋)!∋#1Λ!=9∃59!5∋.!9∋3(!∋!#(∋)!/98%∃5∋)∃18!1,!
∃1Λ!?01!19(!=,#>!∀!=∋%!6,∃.4!6∃6.ϑ1Κ!∀!=∋%!6,∃.4!∋!),1!,∗!6#∋=∃.4Λ!3(#8!,∗1(.!∗∃.(Η
6(1∋∃)(6!6#∋=∃.4Κ!Ζ,!19(#(ϑ%!∋!5(#1∋∃.!/98%∃5∋)∃18!∃.!19∋1Λ!19(#(ϑ%!∋!5(#1∋∃.!5#∋∗1Λ!?01!
∃1ϑ%!.,19∃.4!)∃>(!19(!%(.%(!,∗!?(∃.4!(.3(),/(6!∃.!%,0.6Κ!Μ∆ΕΦΦΛ!/(#%,.∋)!∃.1(#3∃(=Ν!
!
Ζ,.∃5!−∋1(#∃∋)∃18!∃%!∃6(.1∃∗∃(6!∋%!∋!/98%∃5∋)!(Ι/(#∃(.5(2!=(!6,!.,1!−(#()8!∃.9∋?∃1!∃1!∃.!,0#!
∃−∋4∃.∋1∃,.Λ!?01!=∃19!,0#!3(#8!?,6∃(%Κ!
!
<9(!5,..(51∃,.!?(1=((.!19(!3∃%0∋)!∋#1%!∋.6!%,0.6!∃%!(Ι/(#∃(.5(6!∃.!−∋.8!6∃∗∗(#(.1!=∋8%!
∋%!∋#1∃%1%!59,%(!6∃∗∗(#(.1!()(−(.1%!∗#,−!19(−Κ!+,#!%,−(!∋#1∃%1%Λ!3∃%0∋)!∋#1!∗,#−%!/∋#1!,∗!
19(∃#!6(3(),/−(.1∋)!1#∋_(51,#8Κ!Ω(∃19!Σ,=(Λ!∃.1#,605(6!∃.!Ξ9∋/1(#!χ.(Λ!∃%!,.(!(Ι∋−/)(ρ!
Α∋3∃6!<,,/Λ!Χ∋Ι!β∋%1)(8!∋.6!∃3!Ξ,##∃.49∋−!∋#(!,19(#%Κ!Ξ,##∃.49∋−!9∋%!−,3(6!∗#,−!
−0%∃5!∃.1,!∗∃.(!∋#1!∋.6!∃.1,!∃−/#,3∃%∋1∃,.Λ!∋.6!∃.5#(∋%∃.4)8!1∋>(%!∋.!∃.1(#(%1!∃.!9,=!3∃%0∋)!
∋#1∃%1%!19∃.>Λ!#(∗)(51!∋.6!1∋)>!∋?,01!19(∃#!=,#>Κ!<9(!.,1∃,.!,∗!/)∋5(!∴!,#!.,.Η/)∋5(Λ!∋%!
6(3(),/(6!?8!)∋.6!∋#1∃%1!Σ,?(#1!Ζ−∃19%,.[∆!∴!∗∃.6%!%/(5∃∋)!#(%,.∋.5(!∃.!9(#!/#∋51∃5(!
Μ∆ΕΦΤΛ!/(#%,.∋)!∃.1(#3∃(=ΝΚ!:%!3∃%0∋)!∋#1!9∋%!/#,3∃6(6!()(−(.1%!1,!19(!6(3(),/−(.1!,∗!
%,0.6!∋#1!∋%!∋!∗∃()6Λ!∃1!5∋.!%1∃))!5,.1#∃?01(!1,!19(!6(3(),/−(.1!,∗!∃.6∃3∃60∋)!/#∋51∃5(Κ!:1!19(!
%∋−(!1∃−(Λ!19(!#()(3∋.5(!,∗!∃./01%!5∋.!%9∃∗1!19#,049,01!∋.!∋#1∃%1ϑ%!5∋#((#Λ!=(∋3∃.4!∃1%()∗!∃.!
∋.6!,01!,∗!/#∋51∃5(!∋%!∋.!,.Η4,∃.4!?)(.6!∗∃()6Κ!∀.!9∃%!?,,>Λ!∆−#−7&∃9∗9∃7∀#(#!∃4∗&0∃∗
5∃,−∋570−%∗∀Χ∗&0∃∗)−7&∃#∃9∗Μ<,,/Λ!∆ΕΦΕΝΛ!∗,#!(Ι∋−/)(Λ!<,,/!?#∃.4%!9∃%!/(#%/(51∃3(Λ!
6(3(),/(6!∋%!/∋#1!,∗!∋!),.4Η)∋%1∃.4!(.4∋4(−(.1!=∃19!%,0.6Λ!1,!?(∋#!,.!(Ι∋−∃.∃.4!
∃.∋06∃?)(!,?_(51%!%059!∋%!/∋∃.1∃.4%!∋.6!=#∃1∃.4!19#,049!19∃%!)(.%Κ!!
!
<9(!∃./01!,∗!∋#1!=∃19∃.!%,0.6!∋#1!/#∋51∃5(!∃%!∋)%,!#(∗)(51(6!∃.!19(!=∋8!∋#1∃%1%!6(%5#∃?(!
19(−%()3(%ρ!%,−(!/#(∗(#!19(!1(#−!∗∃.(!∋#1∃%1Κ!+,#!19(−Λ!%,0.6!?(5,−(%!∋!−∋1(#∃∋)!19∋1!19(8!
0%(!∗,#!%/(5∃∗∃5!∋#1∃%1∃5!#(∋%,.%Κ[Τ!<9(!3∃(=!19∋1!%,0.6!∋#1!∃%!),5∋1(6!=∃19∃.Λ!#∋19(#!19∋.!
∋6_∋5(.1!1,Λ!∗∃.(!∋#1!=∋%!(.5∋/%0)∋1(6!∃.!19(!#(5(.1!(Ι9∃?∃1∃,.!∆∀∋#,∗?9&<∗∆∀∋#,∗(7∗(∗
:∃,−∋5∗∀Χ∗?9&!?8!&(#−∋.8ϑ%!ηΩΧ!ΜηΩΧΛ!∆ΕΦ∆ΝΚ[ς!:0#∋!Ζ∋1ΠΛ!=9,!=,#>%!∋5#,%%!
∃.%1∋))∋1∃,.%Λ!∗∃)−%!∋.6!/(#∗,#−∋.5(%Λ!∃%!∋!/,∃.1!∃.!5∋%(Λ!∗(()∃.4!%9(!5∋.!Ο#(∋6ϑΛ!,#!−∋/!9(#!
∗∃.(!∋#1!?∋5>4#,0.6!,.1,!%,0.6!∋.6!%,0.6!∋#1!/#∋51∃5(%Λ!#(%0)1∃.4!∃.!.(=!0.6(#%1∋.6∃.4%Κ!
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(Ι/(#∃−(.1ϑ!)(∋3(%!∃.!(∋59!/∋#1∃5∃/∋.1!∋.!∃−/#∃.1!,∗!∋!%9∋#(6!(Ι/(#∃(.5(Κ!Μ∆ΕΦ∆Λ!
Τ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗−#∗∆∀∋#,!,)ΚΦΝ!
!
<9∃%!%9∋#(6!(Ι/(#∃(.5(!∃%!∃.1(4#∋1(6!∃.1,Λ!,#!?)(.6(6!=∃19Λ!(∋59!∃.6∃3∃60∋)ϑ%!/#∋51∃5(!∋.6!
?(5,−(%!∋3∋∃)∋?)(!∋%!∋.!∃.10∃1∃3(!)∋.40∋4(!,3(#!1∃−(Λ!/(#9∋/%!%∃−∃)∋#!1,!19∋1!=9∃59!∋!
−0%∃5∃∋.!6(3(),/%Λ!5,.1∃.0∋))8!59∋.4∃.4!∋.6!∋6∋/1∃.4!1,!.(=!%∃10∋1∃,.%!∋.6!∃.∗)0(.5(%!∋%!
∗0#19(#!∃./01%!1,!19∃%!)∋.40∋4(Κ!:.6(∋.!∋.6!Α(5,%1(#Η<∋∃3∋)>,%>∃!5,.%∃6(#!19(!
∃−/)∃5∋1∃,.%!,∗!%059!∋!∗)0Ι2!
!
α,!∋11(−/1!∃%!−∋6(!∃.!19(!4#,0/!1,!6#∋=!6(∗∃.∃1∃3(!5,.5)0%∃,.%Κ!∀.%1(∋6Λ!
,?%(#3∋1∃,.%Λ!#∋19(#!19∋.!)(∋6∃.4!1,!5,.5)0%∃,.%Λ!∋#(!0%(6!1,!6∃#(51)8!5,.%1#051!.(=!
98/,19(%(%Κ!<90%Λ!,0#!≅0(%1∃,.%!6,.ϑ1!)(∋6!1,!∋.%=(#%ρ!19(8!6,Λ!9,=(3(#Λ!9()/!0%!1,!
6(3(),/!∋%!∋!4#,0/Κ!Μ∆ΕΦ∆Λ!Τ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗−#∗∆∀∋#,!,)ΚΦΝ!!
!
:%!19(!4#,0/!?(5,−(%!∗)0(.1!∃.!19(∃#!_,∃.1!)∋.40∋4(!19∋1!(−(#4(%!∗#,−!?#∃.4∃.4!%(3(#∋)!
/(#%,.∋)!/#∋51∃5(%!∋%!∃./01%!1,4(19(#Λ!∋.6!∋%!19(∃#!5,.1∃.0∃.4!=,#>!)(∋3(%!#,,−!∗,#!
∗0#19(#!∃./01%!1,!?(!∃.5,#/,#∋1(6Λ!19∃%!?)(.6!∗∃()6!,∗!∋51∃3∃1∃(%!)(∋3(%!∋!−∋#>!,.!19(!=,#>!
/#,605(6Κ!∀.!,01)∃.(Λ!19∃%!−(19,6!∃%!%∃−∃)∋#!1,!Ω,)>,=%>∃ϑ%!5,))∋?,#∋1∃3(!/#,5(%%Λ!?01!∋)%,!
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%9∋#(%!∋%/(51%!=∃19!9,=!Ζ∋1Π!∋.6!Ω∃#>(4∋∋#6!/(#5(∃3(!19(∃#!∃.6∃3∃60∋)!/#,5(%%(%2!Ζ∋1Π!∃.!
1(#−%!,∗!∃1%!#(50#%∃3(!≅0∋)∃1∃(%Λ!∋.6!Ω∃#>(4∋∋#6!∃.!1(#−%!,∗!9,=!∋#1∃%1%!∗,#−0)∋1(!≅0(%1∃,.%!
=∃19,01!(Ι/(51∃.4!∋.%=(#%Κ!!
!
δ9∃)%1!5,))∋?,#∋1∃,.%!∃.%/∃#(Λ!19(8!5∋.!∋)%,!5#(∋1(!6∃∗∗∃50)1∃(%Λ!(%/(5∃∋))8!=9(.!/(,/)(!∗#,−!
3(#8!6∃3(#%(!?∋5>4#,0.6%!,#!=∃19!3(#8!6∃∗∗(#(.1!/(#%,.∋)∃1∃(%Λ!∋#(!∃.3,)3(6Κ!:%!∋.!∃./01Λ!
5,))∋?,#∋1∃,.%!/#,3∃6(!,//,#10.∃1∃(%!1,!(Ι/∋.6!/#∋51∃5(!?8!)(∋#.∃.4!∗#,−!,19(#%Λ!?(!19∋1!
∗∋510∋)!∃.∗,#−∋1∃,.Λ!%>∃))%Λ!−(19,6%!,#!,19(#!∋//#,∋59(%Κ!∀.!%∃4.∃∗∃5∋.1!5∋%(%Λ!
5,))∋?,#∋1∃,.%!−∃491!)(∋3(!/#∋51∃5(!/#,∗,0.6)8!59∋.4(6Λ!)(∋6∃.4!1,!.(=!>∃.6%!,∗!=,#>%!
?(∃.4!/#,605(6Κ!
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∀.!19(!∗,)),=∃.4!1=,!%(51∃,.%Λ!∀!=∃))!(Ι/),#(!.,1∃,.%!,∗!∗#((6,−Λ!∋.6!9,=!19∃%!−∃491!
∃.1(#%(51!=∃19!%,−(!∋#1∃%1%ϑ!6(%∃#(!1,!5#(∋1(!%,−(19∃.4!.(=Κ!!
!
Φ3Η(Ζ#∃&∀8.#1.+:(∋∗++,∋∃.∗+#(∀,∃7,,+(/%,,9∗∆(&+9(∃1,(+,7(&#(.+?5∃#(∃∗(
?%&∋∃.∋,(
!
!
∀.!Ξ9∋/1(#!χ.(Λ!∀!(Ι/),#(6!19(!/,%%∃?∃)∃18!19∋1!%,0.6!∋#1∃%1%!%059!∋%!Χ∋Ι!α(09∋0%!,#!
Υ∃)6(4∋#6!δ(%1(#>∋−/!=(#(!−,1∃3∋1(6!?8!∋!6(%∃#(!∗,#!∗#((6,−Λ!∋)19,049!/(#9∋/%!∃.!∋!)(%%!
#,−∋.1∃5!∗∋%9∃,.!19∋.!19∃%!1(#−!−∃491!%044(%1Λ!#()∋1∃.4!#∋19(#!1,!∋.!∋%/∃#∋1∃,.!1,!(%5∋/(!
19(!)∃−∃1∋1∃,.%!,∗!(%1∋?)∃%9(6!5#(∋1∃3(!6∃%5∃/)∃.(%Κ!Χ8!/#∃−∋#8!#(%(∋#59!5,.∗∃#−%!19∃%!
5,.5(/1!,∗!∗#((6,−!∋%!∋!19(−(Κ!∀.!19(!∗,)),=∃.4!%(51∃,.Λ!∀!=∃))!5,.%∃6(#!=9∋1!∗#((6,−!
−∃491!−(∋.!1,!∋#1∃%1%!∋.6!9,=!19∃%!5,.5(/1!−∃491!(Ι1(.6!1,!∋.6!∃.1(#)∃.>!=∃19!.,1∃,.%!,∗!
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!
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!
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∋)%,!5,.%∃6(#!.,1∃,.%!,∗!∗#((6,−!∃.!#()∋1∃,.!1,!−,6(%!,∗!)∃%1(.∃.4Κ!:%!∋#1∃%1%!1∋)>(6!∋?,01!
19(!#,)(!,∗!Ο∗#((6,−ϑ!∃.!19(∃#!=,#>Λ!6∃∗∗(#(.1!∗∋5(1%!?(5∋−(!3∃%∃?)(Κ!
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ε,!<9,−∋%Λ!∗,#!(Ι∋−/)(Λ!6(%/∃1(!=,#>∃.4!)∋#4()8!=∃19!−0%∃5Λ!/#(∗(#%!19(!1(#−!∋#1∃%1!1,!19∋1!
,∗!∋!5,−/,%(#Λ!∋%!%9(!5,.%∃6(#%!∃1!1,!?(!∗#((#!∋.6!)(%%!∋%%,5∃∋1(6!=∃19!−∋)(Η6,−∃.∋1(6!ϑ!
Φ[19Η5(.10#8!?,0#4(,∃%∃(ϑΚ!<9(!0−?#())∋!1(#−!,∗!∋#1∃%1!4∃3(%!Ο∗#((!#(∃4.ϑ!1,!/0#%0(!=9∋1!
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∃3!Ξ,##∃.49∋−!6(%5#∃?(%!19(!(∋#)8!∋11#∋51∃,.!,∗!∃−/#,3∃%∃.4!=∃19!;ΧΞ!∋#1∃%1%!%059!∋%!;,)!
Ξ,Ι9∃))Λ!∋!1∃−(!19∋1!#(−∃.6(6!9(#!,∗!Ο19(!∗∃#%1!6∋8!,∗!∋#1!%59,,)ϑΛ!=9(#(!%9(!=∋%!1,)6!1,!
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∀.!∗)0ΙΛ!∃./01%!5∋.!?(!5,..(51(6!∋.6!#(5,..(51(6!∃.!6∃∗∗(#(.1!=∋8%!∋%!=(!59∋.4(!,0#!
0.6(#%1∋.6∃.4%!,∗!19(−!,#!#(∋%%(%%!19(∃#!/98%∃5∋)!∋11#∃?01(%Κ!<9(!∗∋−∃)∃∋#!∃%!#(∗#(%9(6Κ!
!
;∃>(!Ξ,##∃.49∋−Λ!Θ)∋.5∋!Σ(4∃.∋!∃%!∋11#∋51(6!?8!19(!∗#((6,−!∗,0.6!∃.!∃−/#,3∃%∋1∃,.Λ!19(!
)∋5>!,∗!/#(%5#∃/1∃3(!%5,#(%!,#!%8%1(−%Κ!Ζ9(!?()∃(3(%!19∋1!19(!3,∃5(Λ!∃.!19∃%!5,.1(Ι1Λ!∃%!
/∋#1∃50)∋#)8!∗#((∃.4Λ!∋%!.,!,19(#!−∋1(#∃∋)%!∋#(!.((6(6Κ!∀1!#(/#(%(.1%!19(!)∃?(#∋1∃,.!,∗!∋∃#!
(−∋.∋1∃.4!∗#,−!∋!?,68!Μ∆ΕΦΤΛ!/(#%,.∋)!∃.1(#3∃(=ΝΚ!<9#,049!19∃%!(Ι/(#∃(.5(!,∗!(Ι/#(%%∃3(!
∃.6(/(.6(.5(Λ!∗#((6,−!5,..(51%!1,!19(!?,68Λ!0.)∃>(!19(!5,.%1#∋∃.1%!∃−/,%(6!?8!19(!−∃.6!
∋.6!19(!50)10#∋)!/∋11(#.%!∃1!9,)6%Κ!<9∃%!0.6(#%1∋.6∃.4!∋//(∋#%!∋1!,66%!=∃19!1#∋6∃1∃,.∋)!
δ(%1(#.!3∃(=%Λ!=9∃59!∋11#∃?01(!5,.∗∃.(−(.1!1,!19(!?,68!∋%!−∋11(#Λ!∋.6!∗#((6,−!1,!19(!
−∃.6!∃.!∃1%!∃−−∋1(#∃∋)!∋%/(51%Κ!<9(,!Θ0#1Λ!∃1!5,0)6!?(!%∋∃6Λ!∋%%,5∃∋1(%!∗#((6,−!=∃19!.(∃19(#!
90−∋.!?,68!.,#!−∃.6Λ!?01!=∃19!19(!−∋59∃.(!#()∃.≅0∃%9∃.4!19(!.((6!∗,#!∋#1∃%1∃5!%()∗Η
                                            
Φ∆Τ!ε0%1!∋%!=∃19!1(59.,),4∃5∋)!)∃−∃1∋1∃,.%!,#!/∋#∋−(1(#%Λ!19(#(!∋#(!∃./01%!∃−/,%(6!?8!?#∃(∗%!,#!%∃10∋1∃,.%Λ!∋%!
Ζ59∋(∗(#!(Ι/)∋∃.%Κ!<9(!(Ι∋51!%9∋/(!,∗!∋!=,#>Λ!∗,#!(Ι∋−/)(Λ!−∋8!6(/(.6!,.!=9∋1!,//,#10.∃1∃(%!/#(%(.1!
19(−%()3(%!∗,#!/0?)∃5∋1∃,.!∴!19(8!−∃491!(3(.!Ο4∃3(Μ%Ν!?∃#19!1,!∋.!∃6(∋ϑ!Μ∆ΕΦΤΛ!/(#%,.∋)!∃.1(#3∃(=ΝΚ!∀.!19∃%!=∋8Λ!
(Ι1(#.∋)Λ!5,.%1#∋∃.∃.4!∗∋51,#%!/#(%(.1!/,%%∃?∃)∃1∃(%!∋.6!∋//(∋#!.,1!,.)8!∋%!∃./01Λ!?01!∋)%,!∋%!?)(.6!)(.%(%!19∋1!
∃.∗)0(.5(!59,∃5(%Κ!
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8,0!=∋)>(6!19#,049!19(!=,,6%!?8!∋!6∃∗∗(#(.1!/∋19!8,0ϑ6!9(∋#!?(∋01∃∗0)!?∃#65∋))%!∋.6!
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∀.!Ξ9∋/1(#!<9#((Λ!∀!∃.1#,605(!5,.5(/10∋)!?)(.6∃.4!∋%!19(!19(,#(1∃5∋)!∗#∋−(=,#>Λ!=9∃59!
∋)),=(6!−(!1,!(Ι/),#(!/#,5(%%!∋%!∋!−(∋.%!?8!=9∃59!%059!−,6(%Λ!9(#(!#(∗#∋−(6!∋%!∃./01%Λ!
∋#(!5,..(51(6Κ!∀.!19∃%!#(%(∋#59!/#,_(51Λ!∀!6(3(),/!19∃%!−,6()!?8!5#(∋1∃.4!19(!.,1∃,.!,∗!
/#,5(60#∋)!?)(.6∃.4Κ!+0#19(#−,#(Λ!∀!/#(%(.1!−8!/#∃−∋#8!#(%(∋#59!19#,049!∋!%(1!,∗!∗,0#!
−,60)(%!(.4∋4∃.4!=∃19!/#,5(%%!∗#,−!6∃∗∗(#(.1!/(#%/(51∃3(%2!ΜΦΝ!Χ8!Ο/#∋51∃5(!)∋?,#∋1,#8ϑΛ!
=9∃59!∋)),=(6!−(!1,!(Ι/),#(!/#,5(%%!∋1!5),%(!≅0∋#1(#%ρ!Μ∆Ν!∋!%(#∃(%!,∗!∃.1(#3∃(=%!=∃19!
∗()),=!/#∋51∃1∃,.(#%ρ!ΜΤΝ!19(!/0?)∃5∋1∃,.!,∗!∋.!,.)∃.(!_,0#.∋)!(.1∃1)(6!Τ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗
−#∗∆∀∋#,ρ!ΜςΝ!19#((!5,))∋?,#∋1∃3(!,.(Η1,Η,.(!=,#>%9,/%!=∃19!∗()),=!/#∋51∃1∃,.(#%Κ!∀!9∋3(!
1(#−(6!19∃%!∋//#,∋59!:∀,∋)(9∗;−∃),∗:∃&0∀,∀)∀.2Κ!
!
∀.!Ξ9∋/1(#!+,0#!∀!(Ι/),#(!−8!,=.!/#∋51∃5(Λ!19#,049!19(!)(.%!,∗!/#,5(60#∋)!?)(.6∃.4Λ!
∋%%(%%∃.4!9,=!19∃%!−,6()!5∋.!?(!0%(6!?8!∋#1∃%1%!1,!(Ι/#(%%!/#,5(%%Λ!/#∃−∋#∃)8!0%∃.4!19(!
5,.5(/1%!,∗!∃./01%Λ!?)(.6!)∃.(Λ!?)(.6!∗∃()6!∋.6!,01/01Κ!∀!∋)%,!(Ι/),#(!∋!%(1!,∗!−,#(!5,.%1∋.1!
∃./01%!1,!−8!/#∋51∃5(Κ!
!
∀.!Ξ9∋/1(#!+∃3(!∋.6!Ξ9∋/1(#!Ζ∃ΙΛ!∀!∋//)8!19(%(!∃./01%!1,!19(!/#∋51∃5(!,∗!,19(#%Λ!6(3(),/∃.4!
∋.!∃.5∃/∃(.1!1∋Ι,.,−8!,∗!∃./01%!1,!%,0.6!∋#1!/#∋51∃5(Κ!<9∃%!∋)),=(6!−(!1,!/)∋5(!(%%(.1∃∋))8!
%0?_(51∃3(!∋.6!/(#%,.∋)!(Ι/#(%%∃,.!,∗!/#,5(%%!?(%∃6(!(∋59!,19(#Κ!!
!
∀.!19∃%!Ξ,.5)0%∃,.Λ!∀!=∃))!∗∃#%1)8!%0−−∋#∃%(!19(!∗∃.6∃.4%!,∗!19∃%!#(%(∋#59Κ!∀.!/∋#1∃50)∋#Λ!∀!=∃))!
,01)∃.(!/#,5(60#∋)!?)(.6∃.4!∋.6!∃1%!∃−/)∃5∋1∃,.%Κ!∀!=∃))!19(.!/#(%(.1!∋.!(3∋)0∋1∃,.!,∗!−8!
−(19,6,),48!∋.6!/01!∗,#=∋#6!%044(%1∃,.%!∋%!1,!=9(#(!19∃%!#(%(∋#59!−∋8!)(∋6!∃.!∗010#(Κ!
!
=3(Υ%∗∋,95%&8(∀8,+9.+:Α(&(#5∆∆&%Ε(
(
<9∃%!19(%∃%!∋11(−/1%!∋!#(∋%%(%%−(.1!,∗!/#,5(%%!∋%!∋!5(.1#∋)!5,.5(#.!=∃19∃.!%,0.6!∋#1!
/#∋51∃5(Λ!/#(%(.1∃.4!∋.6!6(3(),/∃.4!5,.5(/10∋)!?)(.6∃.4!∋%!∋!∗#∋−(=,#>Κ!∀.!Ξ9∋/1(#!
<9#((Λ!∀!4∋3(!∋.!∋55,0.1!,∗!19(!,#∃4∃.∋)!19(,#8!,∗!5,.5(/10∋)!?)(.6∃.4!∋%!∋!−,6()!∗,#!
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90−∋.!5,4.∃1∃,.Λ!=9∃59!∀!9∋6!59,%(.!?(5∋0%(!∃1!()(4∋.1)8!6(%5#∃?(%!9,=!90−∋.%!%()(51!
()(−(.1%!∗#,−!∋!#∋.4(!,∗!∃./01%!∋.6!?)(.6!19(−!∃.1,!%,−(19∃.4!.(=Κ!∀.!19∃%Λ!∀!#(5,4.∃%(6!
−8!(Ι/(#∃(.5(%!,∗!/#,5(%%Κ!!
!
Υ,=(3(#Λ!/#,5(%%!∃.!%,0.6!∋#1!/#∋51∃5(!∃%!.,1!5,.∗∃.(6!1,!−,#(!,#!)(%%!%0?5,.%5∃,0%!
−(.1∋)!∋51∃3∃1∃(%!Μ(3(.!∃∗!0.6(#%1,,6!∋%!∋.!(−?,6∃(6!,.(ΝΚ!∀1!6(−∋.6%!6()∃?(#∋1(!
∃.1(#∋51∃,.!=∃19!19(!=,#)6Λ!=∃19!,?_(51%!∋.6!=∃19!,19(#!?(∃.4%Κ!δ9(#(∋%!?)(.6∃.4!19(,#8!∃%!
∗,50%(6!,.!%0?5,.%5∃,0%!∋51∃3∃1∃(%Λ!/#,5(60#∋)!?)(.6∃.4!5,−?∃.(%!19(!5,.%5∃,0%!∋.6!
0.5,.%5∃,0%Κ!δ9(#(!?)(.6∃.4!19(,#8!∃%!∋!19(,#8!,∗!5,4.∃1∃,.Λ!/#,5(60#∋)!?)(.6∃.4!∋//)∃(%!
19∃%!19(,#8!1,!19(!6(3(),/−(.1!,∗!∋!−,6()!,∗!%,0.6!∋#1!/#∋51∃5(Κ!
!
δ9∃)%1!?)(.6∃.4!6,(%!∋)),=!∗,#!−0)1∃/)(!?)(.6%Λ!=9(#(!19(!,01/01!,∗!,.(!?)(.6!5∋.!?(5,−(!
19(!∃./01!1,!∋.,19(#!Μ+∋05,..∃(#!υ!<0#.(#Λ!∆ΕΕΤΛ!/Κ!∆]⊥ΝΛ!∃.!/#∋51∃5(!%,0.6!∋#1!/#,5(%%!
/#(%(.1%!∋!−,#(!5,−/)(ΙΛ!5,.%1∋.1)8!%9∃∗1∃.4!∋.6!/,1(.1∃∋))8!#(50#%∃3(!∗∃()6!,∗!
(.4∋4(−(.1Κ!:!−,6()!,∗!19∃%!/#∋51∃5(Λ!19(#(∗,#(Λ!.((6%!1,!#(∗)(51!19∃%!∃.1(#5,..(51∃,.!,∗!
5,.5(/1%Λ!,550##(.5(%!∋.6!1∃−(Κ!∀.!=9∋1!∗,)),=%Λ!∀!=∃))!%0−−∋#∃%(!−8!−,6()!,∗!/#,5(60#∋)!
?)(.6∃.4!∃.!%,0.6!∋#1!/#∋51∃5(!∋%!∋6∋/1(6!∋.6!(Ι1(.6(6!∗#,−!5,.5(/10∋)!?)(.6∃.4Κ!
!
∀.!(%%(.5(Λ!/#,5(60#∋)!?)(.6∃.4!6(%5#∃?(%!19(!_,0#.(8!,∗!/#,5(%%Λ!∃.!=9∃59!∋#1∃%1%!59,,%(!
()(−(.1%!∗#,−!∋!#∋.4(!,∗!∃./01%Λ!=9∃59!∋#(!5,..(51(6!1,!5#(∋1(!,.(!,#!−,#(!,01/01%Κ!
∀./01%!#(/#(%(.1!(3(#819∃.4!19∋1!∗),=%!∃.1,!/#∋51∃5(Λ!∗#,−!5,.5(/1%Λ!1,,)%!∋.6!5,−−∃%%∃,.!
?#∃(∗%!1,!/(#%,.∋)!5,.5(#.%Λ!−(19,6%!,#!/98%∃5∋)!∃.1(#∋51∃,.%Κ!β∋59!∃./01!∃%!−∋6(!0/!,∗!
()(−(.1%!∗#,−!=9∃59!=(!−∋>(!∋!%()(51∃,.Κ!<9∃%!−(∋.%!19∋1!∋))!19(!∋3∋∃)∋?)(!∃./01!∃%!.,1Λ!
.,#Λ!∃.6((6Λ!.((6%!1,!?(Λ!#(/#(%(.1(6!∃.!∃.6∃3∃60∋)!/#∋51∃5(Κ!<9(%(!59,∃5(%!∋#(!∃.∗)0(.5(6!
?8!?)(.6!)(.%(%Λ!∗,#!(Ι∋−/)(Λ!∃.1(#.∋)!)(.%(%!%059!∋%!)∃>(%!,#!6∃%)∃>(%Λ!,#!(Ι1(#.∋)!)(.%(%!
%059!∋%!5,−−∃%%∃,.!?#∃(∗%Κ!!
!
Ζ()(51(6!∋%/(51%!∋#(!19(.!5,..(51(6!1,!(∋59!,19(#Λ!/#∃−∋#∃)8!19#,049!−∋//∃.4Λ!∋.6!#(%,)3(!
19(−%()3(%!∃.!?)(.6!.,6(%Κ!:!59∋∃.!,∗!?)(.6%!1∋>∃.4!/)∋5(!∃.!19(!6(3(),/−(.1!,∗!=,#>!
5,.%1∃101(%!∋!?)(.6!)∃.(Λ!∋.6!%(3(#∋)!,∗!19(−!−∋8!5,−(!1,4(19(#!∃.!19(!6(3(),/−(.1!,∗!
=,#>Κ!:1!∋.8!/,∃.1Λ!.(=!∃./01%!−∋8!?(!∋66(6Λ!,#!=(!−∋8!/(#9∋/%!#(5,.%∃6(#!/#(3∃,0%!
,.(%Κ!<9(%(!%1(/%!−∋8!?(!#(/(∋1(6!%(3(#∋)!1∃−(%!∋%!/∋#1!,∗!∋.!∃.1(#5,..(51(6!?)(.6!∗∃()6Λ!
8∃()6∃.4!∋.8!∋−,0.1!,∗!,01/01%Λ!?(!19∋1!∋!5#(∋1∃3(!/∃(5(!,#!19(,#(1∃5∋)!=#∃1∃.4Κ!!
!
<9(%(!5,.5(/1%!∋#(!0%(∗0)!1,!−(!∋%!∋!/#∋51∃1∃,.(#!∃.!∋!.0−?(#!,∗!=∋8%Κ!+∃#%1)8Λ!19(8!∋#(!
%5∋)(∋?)(Λ!−(∋.∃.4!19(8!5∋.!?(!∋//)∃(6!1,!∋.8!∋%/(51!,∗!/#∋51∃5(Λ!∋1!∋.8!6(4#((!,∗!
−∋4.∃∗∃5∋1∃,.Κ!∀.1(##,4∋1∃.4!/#∋51∃5(!∗#,−!∋!#∋.4(!,∗!%059!/(#%/(51∃3(%!19(.!∋)),=%!−(!1,!
5,−−0.∃5∋1(!?,19!/#,5(%%!∋.6!,015,−(%!0%∃.4!,.(!%1#∋1(48Λ!∃.1,!=9∃59!∋.8!,19(#!
∋//#,∋59!5∋.!?(!(−?(66(6!∋%!∋!∗0#19(#!∃./01Κ!:%!∋.!(Ι∋−/)(Λ!∀!−∋8!59,,%(!1,!(Ι/),#(!
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/%859,),4∃5∋)!5,.5(/1%!1,!≅0(%1∃,.!19(!∃./01!,∗!59∃)69,,6!(Ι/(#∃(.5(%!∗0#19(#Κ!Υ,=(3(#Λ!
=9(.!?#∃.4∃.4!∋))!5,.%∃6(#∋1∃,.%!1,4(19(#!∀!5∋.!6,!%,!19#,049!?)(.6∃.4Κ!!
!
+0#19(#−,#(Λ!?)(.6∃.4!∋)),=%!−(!1,!%(1!/(#%,.∋)!(Ι/#(%%∃,.%!,∗!/#,5(%%!.(Ι1!1,!(∋59!,19(#!
∋.6!∃.!Ξ9∋/1(#!+∃3(!∋.6!Ξ9∋/1(#!Ζ∃Ι!∀!/#(%(.1!,.(!=∋8!∃.!=9∃59!19∃%!5,0)6!?(!6,.(Κ!Α,∃.4!
%,!=∋%!.,1!_0%1!∋!=∋8!,∗!/#(%(.1∃.4!/#∃−∋#8!#(%(∋#59!−∋1(#∃∋)%Λ!?01!∋)%,!∋!−(19,6!1,!
(.≅0∃#(!∃.1,!19(−Κ!<9#,049!19(!.,1∃,.!,∗!∃./01%Λ!?)(.6∃.4!)(6!−(!1,!(Ι1#∋51!∗(∋10#(%!,∗!
%,0.6!∋#1!/#∋51∃5(!∗#,−!/(#%,.∋)!(Ι/#(%%∃,.%!,∗!/#,5(%%Κ!<9(!−,6()!∋)),=(6!−(!1,!
5,.1#∋%1!∋.6!5,−/∋#(!∋#1∃%1%ϑ!3∃(=%!#()∋1∃.4!1,!(∋59!∃./01ΚΦΤΨ!
!
Θ)(.6∃.4!(≅0∋)∃%(%!∋))!/,%%∃?)(!∃./01%Λ!∃.!1(#−%!,∗!,/1∃,.!∋.6!3∋)0(Λ!.,1!9,=(3(#!∃.!1(#−%!
,∗!6(4#((Λ!∋%!(∋59!∋#1∃%1!1∋>(%!()(−(.1%!∗,#=∋#6!∃.!∋!/(#%,.∋)!%()(51∃,.!/#,5(%%!19∋1!−∋8!
0%(!19(−!1,!6∃∗∗(#(.1!6(4#((%!∋.6!(3(.!.,1!∋1!∋))Κ!<9∃%!∀!1∋>(!1,!?(!∋.!∃−/,#1∋.1!∋%/(512!.,1!
∋))!/,%%∃?)(!∃./01%!1,!%,0.6!∋#1!/#∋51∃5(!.((6!1,!?(!#(/#(%(.1(6!∃.!∃.6∃3∃60∋)!/#∋51∃5(Κ!
!
+0#19(#−,#(Λ!∋%!%,0.6!∋#1!∃%!−∋6(!0/!,∗!19(!1(#−%!Ο%,0.6ϑ!∋.6!Ο∋#1ϑ!,.(!5,0)6!∗,)),=!Χ∋Ι!
α(09∋0%ΦΤ]!∃.!∋%%0−∃.4!19∋1!%,0.6!∋.6!∋#1!/#,3∃6(!19(!6∃%5∃/)∃.(!=∃19!%1∋?)(!∃./01%Κ!
Υ,=(3(#Λ!=9∃)%1!=,#>∃.4!=∃19!%,0.6!∋1!%,−(!)(3()Λ!∋#1∃%1%ϑ!5,.5(/1∃,.%!∋.6!∋510∋)!
/#∋51∃5(%!5∋.!3∋#8Κ!Θ)(.6∃.4!∋)),=%!0%!1,!#(5,4.∃%(!∋.6!6(?∋1(!%∃−∃)∋#∃18!∃.!6∃3(#%∃18!∋.6!
3∃5(!3(#%∋ΚΦΤ[!∀1!∃%!3∋)0∋?)(!∗,#!19(!6∃%50%%∃,.!,∗!%059!6∃3(#%∃18Λ!3∃(=∃.4!(3(#819∃.4!∋#∃%∃.4!
∗#,−!−0)1∃Η−,6∋)!/#∋51∃5(!∋%!(≅0∋))8!3∋)∃6!∃./01%!∗#,−!=9∃59!()(−(.1%!∋#(!59,%(.!∋.6!
5,−?∃.(6!∃.1,!,01/01%Λ!?(!19(8!/∃(5(%!,∗!∋#1!,#!=#∃1∃.4ΚΦΤ⊥!∀.!∗∋51Λ!∃./01%!∋#(!.,1!1,!?(!
0.6(#%1,,6!∋%!5∋%1Η∃#,.!5)∋%%∃∗∃5∋1∃,.%Λ!?01!#∋19(#!∋%!∗)(Ι∃?)(!5,.1∋∃.(#%!∗,#!19(!/0#/,%(!,∗!
#()∋1∃.4!∋.6!6∃%50%%∃.4Κ!:%!#()∋1∃,.∋)!∋.6!5,.1(Ι1Η6(/(.6(.1!5,.%1#051%Λ!19(8!∋)),=!0%!1,!
5,..(51!%0?_(51∃3(!/(#%/(51∃3(%!∋5#,%%!50)10#∋)!1∃−(%!∋.6!),5∋1∃,.%!Μ∀.!Ξ9∋/1(#!χ.(!∀!
#()∋8(6!9,=!%,0.6!∋#1!1∋>(%!,.!6∃∗∗(#(.1!∗)∋3,0#%!∃.!6∃∗∗(#(.1!),5∋1∃,.%Λ!%059!∋%!&(#−∋.8!
∋.6!19(!7ΩΝΚ!!
!
δ9∋1!#,)(!6,!∃./01%!9∋3(!19(.Λ!∃∗!(3(#819∃.4!∃%!∋)=∋8%!59∋.4∃.4Λ!1∋>∃.4!6∃∗∗(#(.1!/#∃,#∃1∃(%!
∴!∃.!=9∋1!%(.%(!∃%!∃1!∋!5,.%1∋.1λ!∀.!?)(.6∃.4Λ!∋.!∃./01!∃%!0.6(#%1,,6!∋%!∋!−(.1∋)!5,.1∋∃.(#Λ!
=9∃59!9,)6%!∋))!/,%%∃?)(!()(−(.1%!19∋1!−∃491!#()∋1(!1,!∃1Κ!∀.!/#∋51∃5(Λ!=(!59,,%(!6∃∗∗(#(.1!
()(−(.1%!∗#,−!∃1Λ!?8!=9∃59!59∋.4(!∃%!∋∗∗(51(6Κ!∀.!19∃%!%(.%(Λ!∃1!5,.1∋∃.%!?,19!5,.%1∋.58!∋.6!
59∋.4(Κ!:%!∋!3(#8!%∃−/)∃%1∃5!(Ι∋−/)(Λ!∃∗!∀!=∋.1!1,!6∃%50%%!−0%∃5!∋%!∋.!∃./01!1,!%,0.6!∋#1!
/#∋51∃5(Λ!,#6∃.∋#∃)8!∀!=,0)6!=∋.1!1,!?(!(Ι/)∃5∃1!∋?,01!=9∋1!∀!−(∋.!?8!−0%∃5Κ!+,#!∃.%1∋.5(Λ!
                                            
ΦΤΨ!δ9∃)%1!Ξ9∋/1(#%!+∃3(!∋.6!Ζ∃Ι!∗,50%%(6!,.!∃./01%Λ!%∃−∃)∋#!6∃%50%%∃,.%!,∗!/#,5(%%!∃.!∗010#(!5,0)6!∋)%,!−∋>(!
∃.5#(∋%(6!0%(!,∗!19(!.,1∃,.%!,∗!?)(.6!)∃.(Λ!?)(.6!∗∃()6!,#!)(.%Λ!=9∃59Λ!∗,#!#(∋%,.%!,∗!%5,/(Λ!∀!=∋%!0.∋?)(!(Ι/),#(!
1,!19(!%∋−(!6(4#((!=∃19∃.!19(%(!1=,!59∋/1(#%Κ!
ΦΤ]!Ζ((!Ξ9∋/1(#!χ.(Λ!/Κ!ΦΨΚ!
ΦΤ[!+,#!∋.!(Ι∋−/)(Λ!%((!19(!6∃%50%%∃,.!,.!%,.∃5!/98%∃5∋)∃18!∃.!Ξ9∋/1(#!χ.(Λ!/Κ!∆ΓΚ!
ΦΤ⊥!:%!∋!−(1∋/9,#!∃1!∃%!(∋%∃)8!0.6(#%1,,6!?8!/#∋51∃1∃,.(#%!0%(6!1,!5,.6(.%(!∋.8!.0−?(#!,∗!%,.∃5!∃./01%!∃.1,!
,.(!,01/01!3∃∋!∋!−∃Ι∃.4!6(%>Κ!
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6,!∀!0.6(#%1∋.6!−0%∃5!∋%!/)∋∃.59∋.1!#(4∋#6∃.4!∋.819∃.4!/,)8/9,.∃5!∋%!19(!6(3∃)ϑ%!=,#>!
∋.6!(Ι5)06∃.4!∃1!∗#,−!19(!6∃%50%%∃,.λ!χ#!∋−!∀!1∋)>∃.4!∋?,01!∋!Ξ∋4(∋.!0.6(#%1∋.6∃.4!,∗!
−0%∃5!19∋1!∋)),=%!∗,#!∋))!%,0.6%!1,!?(!%059λ!∀.!0.6(#%1∋.6∃.4!(∋59!,∗!19(%(!3∃(=%!∋%!,.(!
()(−(.1!∗#,−!19(!∃./01!,∗!−0%∃5Λ!∀!5∋.!%(1!19(−!%∃6(!?8!%∃6(!6(%/∃1(!19(!∗∋51!19∋1!19(∃#!
∋510∋)!/#∋51∃5(!−∋8!6∃∗∗(#Κ!
!
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#(3(∋)!%,0.6!∋%!%,−(19∃.4!19∋1!?#∃.4%!0%!∃.1,!#()∋1∃,.%9∃/!=∃19!19(!=,#)6Λ!∃1%!
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∋!%/(5∃∗∃5!∋∃−Λ!,∗!/#,605∃.4!∋!)∋.40∋4(!19#,049!=9∃59!1,!(Ι/),#(!∋.6!5,−−0.∃5∋1(!
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!
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1,!19(!,3(#∋))!.,1∃,.!,∗!/#,5(60#∋)!?)(.6∃.4!/#(%(.1(6!9(#(Κ!
!
:.∋)8%∃.4!(%%(.1∃∋))8!/(#%,.∋)!.∋##∋1∃3(%!19∋1!∋#(!(Ι/#(%%(6!∋1!5(#1∋∃.!1∃−(%!∋.6!),5∋1∃,.%!
5∋.!?(5,−(!6∃∗∗∃50)1Κ!δ∃19!?)(.6∃.4Λ!∀!%044(%1!∋!=∋8!∃.!=9∃59!19(8!5∋.!?(!?#,0491!∃.1,!
#()∋1∃,.!1,!(∋59!,19(#ρ!19#,049!19(!.,1∃,.!,∗!∃./01%!19(8!5∋.!?(!6(?∋1(6!∋%!∋%/(51%!,∗!∋!
=∃6(#!5,.1(Ι1Κ!Θ)(.6∃.4!/#,3∃6(%!∋!1(#−∃.,),48!19∋1!5∋.!?(!0%(6!1,!?#∃.4!/#,5(%%!1,!19(!
∗,#(∗#,.1!∋.6!(Ι/#(%%!∋.6!1∋)>!∋?,01!∃1!∗#,−!/#∋51∃1∃,.(#ϑ%!/(#%/(51∃3(%Κ!
!
;∋%1)8Λ!∀!∋5>.,=)(64(!19∋1!19∃%!19(%∃%!9∋%!?∋#()8!%5#∋159(6!19(!%0#∗∋5(!,∗!/#,5(%%!∃.!%,0.6!
∋#1!/#∋51∃5(Κ!∀1!5∋.!?(!5,.%∃6(#(6!∗#,−!,19(#!∋.4)(%Λ!19#,049!19(!)(.%!,∗!6∃∗∗(#(.1!
/(#%/(51∃3(%Λ!=∃19!∋!−,#(!6(1∋∃)(6!∋.6!(Ι1(.6(6!1∋Ι,.,−8!,∗!∃./01!%/∋5(%Λ!∋.6!∀!9,/(!19∋1!
−8!∋//#,∋59!=∃))!∋)),=!−∋.8!,19(#%!1,!6,!%,Κ!Χ,60)∋#!+∃()6!Χ(19,6,),48!∋)%,!=,0)6!
?(.(∗∃1!∗#,−!∋!6∃#(51!∗,50%!?8!=9∃59!∃1!−∋8!?(!#(∗∃.(6!∗0#19(#Κ!δ∃19!19∃%!∃.!−∃.6Λ!∀!=∃))!.,=!
%044(%1!%,−(!∋#(∋%!=9(#(!19∃%!#(%(∋#59!)(.6%!∃1%()∗!∗,#!(Ι/∋.%∃,.Κ!
!
Μ3(ς1,%,(∃∗(:∗(/%∗∆(1,%,!
!
Θ8!∋//)8∃.4!?)(.6∃.4!19(,#8!1,!%,0.6!∋#1!/#∋51∃5(Λ!19∃%!19(%∃%!,/(.(6!0/!%,−(!.(=!∋#(∋%!
∗,#!(Ι/),#∋1∃,.Κ!∀!=∃))!.,=!,01)∃.(!%,−(!,∗!19(!∋3(.0(%!19∋1!/#(%(.1!19(−%()3(%!∗,#!∗0#19(#!
#(%(∋#59!=∃19∃.!%,0.6!∋#1!∋.6!?(8,.6Κ!
!
• +∃#%1)8Λ!%,0.6!∋#1!/#,5(%%!=,0)6!?(.(∗∃1!∗#,−!∗0#19(#!%1068!19#,049!19(!)(.%!,∗!
?)(.6∃.4Κ!∀!∋.1∃5∃/∋1(!19∋1!∋.!(Ι/∋.6(6!∋.6!−,#(!6(1∋∃)(6!1∋Ι,.,−8!,∗!∃./01%!∃.!
/∋#1∃50)∋#!=,0)6!#(3(∋)!−,#(!∋?,01!%,0.6!∋#1!∋%!∋!/#∋51∃5(Κ!<9∃%!5,0)6!∃.5)06(!
6∃3(#%(!∋%/(51%!%059!∋%!∋06∃(.5(%!,#!∗∃()6!#(5,#6∃.4%Κ!!
• βΙ1(.6∃.4!19(!%0#3(8!,∗!%,0.6!∋#1!/#∋51∃5(!1,!,19(#!∋%/(51%!,∗!/#,5(60#∋)!?)(.6∃.4!
%059!∋%!∋!?)(.6!)(.%Λ!?)(.6!)∃.(!,#!?)(.6!∗∃()6!=,0)6!#(3(∋)!∗∋%5∃.∋1∃.4!∃.%∃491%!∃.1,!
/#,5(%%!19#,049!=9∃59!19(!−,6()!∃1%()∗!=,0)6!∋)%,!?(!(Ι1(.6(6!∋.6!#(∗∃.(6Κ!
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{ Β#,5(60#∋)!?)(.6∃.4!=,0)6!?(.(∗∃1!∗#,−!∋.!∃.1(#%(51∃,.!=∃19!,19(#!19(,#∃(%Λ!∗,#!
∃.%1∋.5(Λ!19(,#∃(%!,∗!/(#5(/1∃,.Κ!:.,19(#!∃−−(6∃∋1(!∋#(∋!−∋8!?(!1,!(Ι/),#(!
/#,5(60#∋)!?)(.6∃.4!∃.!5,._0.51∃,.!=∃19!/%859,∋.∋)81∃5∋)!∋//#,∋59(%!1,!
∃.3(%1∃4∋1(!19(!#,)(!,∗!59∃)69,,6!(Ι/(#∃(.5(%!∋.6!/(#%,.∋)∃18!1#∋∃1%!=∃19!
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{ !∀!∋.1∃5∃/∋1(!19∋1!19(!−(19,6!∀!?(4∋.!1,!6(3(),/!∋%!/∋#1!,∗!−8!/#,_(51!:∋)&−)∀.∋∃!
−∋8!?(!∋//)∃5∋?)(!1,!,19(#!∗∃()6%Λ!=∃19∃.!∋.6!?(8,.6!19(!∋#1%Κ!δ∃19!∗0#19(#!
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?((.!∃−/)(−(.1(6!∃.!∋.!∋#1∃5)(!?8!:Κ!ΣΚ!+∋1∃9∃!/0?)∃%9(6!∃.!∆∀∋&0∗?7−(#∗Ε∋)&∋9()∗
∆&∋,−∃7!Μ∆ΕΦ∆Ν!∃.!=9∃59!9(!(Ι∋−∃.(%!Θ,))8=,,6!%,.4%!19#,049!?)(.6∃.4Κ!Υ,=(3(#Λ!
19(!∃6(∋!9∋%!.,1!#(5(∃3(6!=∃6(#!∋//)∃5∋1∃,.!1,!6∋1(Κ!<9(#(!∋#(!6∃∗∗∃50)1∃(%!1,!19(!
∋//#,∋59Λ!.,1!)(∋%1!19∋1!∃1!#(≅0∃#(%!19(!5#∃1∃5!1,!1∋>(!∃.1,!∋55,0.1!−,#(!∋%/(51%!,∗!
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{ <9(!∃−/)∃5∋1∃,.%!,∗!∋!/#,5(%%Η?∋%(6!∋//#,∋59!1,!19(!∋#(∋!,∗!/#,_(51!6,50−(.1∋1∃,.!
=,0)6!?(.(∗∃1!∗#,−!∗0#19(#!(Ι/),#∋1∃,.Κ!<9(!Ρ∀∋9#()∗Χ∀9∗?9&−7&−!∗Τ∃7∃(9!0!Με:ΣΝΦς∆!
−∃491!9,)6!%,−(!5)0(%!∋%!1,!9,=!1,!∋59∃(3(!%059!∋!1∋%>Κ!7%∃.4!19(!/#∃.5∃/)(%!,∗!
/#,5(60#∋)!?)(.6∃.4!1,!5∋/10#(!6∋1∋!,∗!,.4,∃.4!/#,5(%%!−∋8!∋%%∃%1!6,50−(.1∋1∃,.!
∃.!∗010#(Κ!
                                            
ΦςΦ!∀1!−∃491!∋)%,!?(!3∋)0∋?)(!1,!∃.3(%1!∃.!∋!−,#(!6(1∋∃)(6!%1068!#()∋1∃.4!19(!1(59.,),4∃(%!∋3∋∃)∋?)(!1,!59∃)6#(.!
=∃19!5#(∋1∃3(!(Ι/#(%%∃,.%!∃.!)∋1(#!)∃∗(Κ!<9∃%!5,0)6!/(#9∋/%!∃.5)06(!∋!#(∋)Η1∃−(!∋%/(51!∗,)),=∃.4!59∃)6#(.!∋%!19(8!
4#,=!0/Κ!
Φς∆!===Κ_∋#Η,.)∃.(Κ.(1!
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5,−/01∋1∃,.∋)!∋//#,∋59(%!1,!∃.1())∃4(.5(!ΜΒ(#(∃#∋Λ!∆ΕΕ]Νρ!190%Λ!19∃%!/#,5(60#∋)!
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(3,)01∃,.!Μ∋%!∋!5,.1∃.0,0%!6(3(),/−(.1!,∗!∃−/#,3(−(.1Ν!∋.6!#(6(−/1∃,.!Μ∋%!∋!
/#,−∃%(!,∗!∗#((6,−ΝΚ!
{ :)19,049!19∃%!#(%(∋#59!6∃6!.,1!(Ι/)∃5∃1)8!(Ι/),#(!19∃%!∋%/(51Λ!−8!,=.!/#∋51∃5(!
%044(%1%!19∋1!/(#∃,6%!,∗!∃.∋51∃,.!−∋8!?(.(∗∃1!#(.(=∋)Κ!Υ,=(3(#Λ!∃.!∗∃.∋.5∃∋)!
#(5(%%∃,.%Λ!19(%(!∋#(!∃.5#(∋%∃.4)8!#∋#(!,//,#10.∃1∃(%Λ!/∋#1∃50)∋#)8Λ!∃.!1∃−(%!=9(.!
∋#1∃%1%!∋.6!#(%(∋#59(#%!∋#(!#(≅0∃#(6!1,!/#,605(!.(=!>.,=)(64(!,#!0.∃≅0(!=,#>%!
,∗!∋#1!#(40)∋#)8Κ!<9∃%!#∋∃%(%!19(!≅0(%1∃,.!,∗!=9(19(#!19(!)∋5>!,∗!%059!∃.∋51∃3(!
/(#∃,6%!9∋%!∋!6(1#∃−(.1∋)!∃−/∋51!,.!≅0∋)∃18Κ!
{ Χ8!,=.!/#∋51∃5(!9∋%!6(3(),/(6!19#,049,01!19∃%!#(%(∋#59!∋.6!∀!%((!19∃%!5,.1∃.0∃.4Κ!
∀!9∋3(!?(5,−(!−,#(!∃.1(#(%1(6!∃.!#(%/,.6∃.4!1,!,?_(51%!∋.6!%5,#(%!∃.!
/(#∗,#−∋.5(Λ!∋%!∋!=∋8!,∗!?#∃.4∃.4!1,4(19(#!%,0.6!∋.6!3∃%∃,.Κ!+0#19(#−,#(Λ!%,.∃5!
(Ι/#(%%∃,.%!#()∋1∃.4!1,!1(Ι1!9∋3(!5,−(!1,!∃.1(#(%1!−(Λ!∋.6!∀!∃.1(.6!1,!(Ι/),#(!19∃%!
∃./01!∗0#19(#Λ!(%/(5∃∋))8!∃.!∃1%!∃.1(#%(51∃,.!=∃19!%∃1(Η%/(5∃∗∃5∃18Κ!:66∃1∃,.∋))8Λ!19(!
#(%/,.%(!1,!Τ∃Χ)∃!&−∀#7∗∀#∗Υ9∀!∃77∗−#∗∆∀∋#,!9∋%!?((.!%0#/#∃%∃.4)8!/,%∃1∃3(!∋.6!
=∃6(%/#(∋6!∋.6!∀!=∃))!5,.1∃.0(!(Ι1(.6∃.4!19∃%!∋%/(51!,∗!−8!50#∋1,#∃∋)!/#∋51∃5(Κ!
{ :!∗∃.∋)!%044(%1∃,.!∃%!∋!%/(5∃∗∃5!(Ι∋−∃.∋1∃,.!,∗!9,=!%5#((.Η?∋%(6Λ!∋06∃,Η3∃%0∋)!
%/∋1∃∋)∃18!∋#∃%(%!∋.6!,∗!19(!5#(∋1∃3(!%1#∋1(4∃(%!1,!∋59∃(3(!,#!6∃%#0/1!∃1Κ!
(
Φ3(Ι.+&8(%,∆&%6#!
!
<9∃%!19(%∃%!∃%!∋.!∋11(−/1!1,!#(∋%%(%%!/#,5(%%!∋%!∋!5(.1#∋)!5,.5(#.!=∃19∃.!%,0.6!∋#1!
/#∋51∃5(Λ!%1∋#1∃.4!∗#,−!19(!.,1∃,.!,∗!−0)1∃−,6∋)∃18!?01!(Ι/∋.6∃.4!1,!5,.%∃6(#!∃./01%!%059!
∋%!(−,1∃,.%!,#!,19(#!/(#%,.∋)!∋%/(51%Κ!∀.!19∃%!19(%∃%Λ!∀!∃.1(.6(6!1,!∗,#(4#,0.6!19(!∋#1∃%1ϑ%!
,=.!3,∃5(Κ!∀.!%,0.6!∋#1Λ!19(!∋06∃?)(!6,(%!.,1!,.)8!#()∋1(!1,!,19(#!?,6∃(%Λ!∃1!#(∗(#%!∋)%,!1,!
,19(#!−(6∃∋Λ!%(.%(%Λ!%/∋5(Κ!∀1!ΟΡ∃%!.(3(#!∋!/#∃3∋1(!∋∗∗∋∃#Ρϑ!∋%!Θ#∋.6,.!;∋Θ())(!,?%(#3(%!
Μ∆ΕΕ]Λ!/Κ!ΙΝΚ!∀.!19∃%!5,.1(Ι1Λ!∃1!∃%!(%%(.1∃∋)!1,!?(!∋?)(!1,!5,.%∃6(#!/#,5(%%!∗#,−!?,19!19(%(!
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!
Θ)(.6∃.4!/#(%(.1(6!∃1%()∗!∋%!∋!−(19,6!∋%!∃1!(≅0∋)∃%(%!∋))!/,%%∃?)(!∃./01%Λ!∋.6!=∃19!∃1!
/,%%∃?)(!6∃59,1,−∃(%!%059!∋%!19(,#8γ/#∋51∃5(Κ!∀.!19∃%!)∃491Λ!19∃%!19(%∃%!5∋.!∋)%,!?(!
0.6(#%1,,6!∋%!∋.!,01/01!,∗!?)(.6∃.4!(Ι/#(%%∃.4!∋!/#,5(%%!,∗!(.4∋4(−(.1!∋#∃%∃.4!∗#,−Λ!
=∃19!∋.6!19#,049!∃.1(#∋51∃,.%!=∃19!?,,>%Λ!,19(#!∋#1∃%1%!∋.6!−8!,=.!/#∋51∃5(Κ!∀.!19∃%Λ!=(!
5∋.!0.6(#%1∋.6!#(%(∋#59!∋)%,!∋%!19(!4(.(#∋1∃,.!,∗!.(=!∃./01%Λ!=9∃59!∋#(!?)(.6(6!=∃19!
(Ι∃%1∃.4!>.,=)(64(!∃.1,!%,−(19∃.4!.(=Λ!?(!19∋1!∋!.(=!19(,#8!,#!∋!.(=!/∃(5(!,∗!∋#1Κ!
!
Β#,5(60#∋)!?)(.6∃.4!∋)),=%!0%!(Ι/),#(!∋.6!5,−−0.∃5∋1(!,0#!/#,5(%%Λ!∋.6!1,!6∃%50%%!
%,0.6!∋#1!/#∋51∃5(!?8!%(11∃.4!/(#%,.∋)Λ!∃6∃,%8.5#∋1∃5!∋//#,∋59(%!%∃6(!?8!%∃6(!1,!(Ι/),#(!
19(−!∋%!/∋#1!,∗!∋!=∃6(#!5,.1(Ι1Κ!∀.!6,∃.4!%,Λ!∃1!∋)%,!?(5,−(%!∋!=∋8!1,!1∋)>!∋?,01!%,0.6!∋#1Κ!
Υ,=(3(#Λ!∃1!=,0)6!?(!(∋%8!1,!_0%1!#(/)∋5(!19∃%!∋//)∃5∋1∃,.!,∗!?)(.6∃.4!19(,#8!∗,#!,19(#!
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+∃40#(!∆ςΚ!:!6∃∋4#∋−!∃))0%1#∋1∃.4!9,=!?)(.6∃.4!−∃491!?(!0%(6!∋%!∋!−(19,6!ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!⊥Γ!
+∃40#(!∆ΓΚ!:.!(Ι∋−/)(!,∗!?)(.6∃.4!∋%!−(19,6!ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!⊥Γ!
+∃40#(!∆ΨΚ!:∋)&−)∀.∋∃!?)(.6!6∃∋4#∋−!ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!⊥]!
+∃40#(!∆]Κ!Θ)(.6!6∃∋4#∋−!∗,#∗ϑ∃,9∀∀5∗∆25%0∀#−∃7∗ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!⊥⊥!
+∃40#(!∆[Κ!Β9,1,4#∋/9%!∗#,−!Ξ()_(!ΜΖ),3(.∃∋ΝΛ!δ∋%9∃.41,.!Μ7Ζ:ΝΛ!∋.6!1#∋3()∃.4!1,!!
! !Χ,#()∃∋!ΜΧ(Ι∃5,Ν!ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!ΦΕΦ!
+∃40#(!∆⊥Κ!<∋.%8!Ζ/∃.>%!∃.!=,#>%9,/!ΦΛ!∃.5)06∃.4!/0∃∗9∃(&∗Α(Γ∃∗∀ΧΧ∗Ξ(#(.(1(∗ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!Φ]Ε!
+∃40#(!ΤΕΚ!Χ∋#>!Β(1(#!δ#∃491!∋.6!=,#>%9,/∗∆!ΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚΚ!Φ]Τ!
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ΘΡΘ(∋∗+∃,+∃#(8.#∃!
!
ϑ&:&_.+,⊥Τ,/8,∋∃.∗+#ε∗+εΥ%∗∋,##ε.+εΝ∗5+9(
• Σ(∗)(51∃,.%,.Β#,5(%%ΦΚ/6∗!
• Σ(∗)(51∃,.%,.Β#,5(%%∆Κ/6∗!
• Σ(∗)(51∃,.%,.Β#,5(%%ΤΚ/6∗(!
!
Υ%&∋∃.∋,(?%∗Β,∋∃#(
• Β#,_(51ΦΗΖ,#?(1Β(#∃,6!
! ! κΣβ:ΑΗΖ,#?(1Β(#∃,6Κ/6∗!
• Β#,_(51∆Η∀.:Α∋8%δ,#>!
! ! κΣβ:ΑΗ∀.:Α∋8%δ,#>Κ/6∗!
! ! ∀.:Α∋8%δ,#>ΦΗΧ,?∃)(Κ−/ς!
! ! ∀.:Α∋8%δ,#>∆ΗΧ,?∃)(Κ−/ς!
• Β#,_(51ΤΗ,3(##∃6(!
! ! κΣβ:ΑΗ,3(##∃6(Κ/6∗! !
! ! ,3(##∃6(ΦΚ−/ς!
! ! ,3(##∃6(∆Κ−,3!
• Β#,_(51ςΗ<#∋5(%∃.,∗=∃19Ζ,0.6!
! ! κΣβ:ΑΗ<#∋5(%∃.,∗=∃19Ζ,0.6Κ/6∗!
! ! ΦΚΧ:∀αΗ<#∋5(%Η&:#1ΗΖΧΚ−/ς!
! ! Α,50−(.1∋1∃,.2!
! ! ! ∆Κ<#∋5(%ΗΘ#∃491,.Η−,?∃)(Α,50Η(Ι1#∋51ΖΧΚ−/ς!
! ! ! ΤΚ<#∋5(%ΗΞ∃187.∃Η6,50Κ−/ς!
! ! ! ςΚ<#∋5(%ΗΖ,0.6+_,#6/#∋51∃5(6,50Κ−/ς!
! ! ! ΓΚ<#∋5(%ΗΖ,0.6+_,#6/(#∗,#−∋.5(6,50Κ−/ς!
! ! ! ΨΚ<#∋5(%ΗΞ∋?∋#(16,50Κ−/ς!
• Β#,_(51ΓΗΖ/,>(.Ζ,.4%!
! ! κΣβ:ΑΗΖ/,>(.Ζ,.4%Κ/6∗!
! ! Ζ/,>(.Ζ,.4%Η:Γ?,,>)(1Κ/6∗!
• Β#,_(51ΨΗΧ0)1∃),40(!
! ! κΣβ:ΑΗΧ0)1∃),40(Κ/6∗!
! ! Ξ9∋..()!%(51∃,.%2!
! ! ! Ζ(51∃,.Φ:0#∋Ζ∋1ΠΚ=∋3!
! ! ! Ζ(51∃,.∆:..(∋;,5>=,,6Κ=∋3!
! ! ! Ζ(51∃,.ΤΧ∃>(Θ),=Κ=∋3!
! ! ! Ζ(51∃,.ςΑ∋3∃6<,,/Κ=∋3!
! ! ! Ζ(51∃,.Γ∃3Ξ,##∃.49∋−Κ=∋3!
! ! ! Ζ(51∃,.ΨΣ,?∃.Σ∃−?∋06Κ=∋3!
! ! ! Ζ(51∃,.]<#(3,#δ∃%9∋#1Κ=∋3!
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! ! ! Ζ(51∃,.[ε0)∃(+#((−∋.Κ=∋3!
! ! Χ0)1∃),40(ΗΖ1(#(,Ξ,−/#(%%∃,.Ζ>(159Κ=∋3!
• Β#,_(51]ΗΣ(−(−?(#∃.4δ,#)6%!
! ! κΣβ:ΑΗΣ(−(−?(#∃.4δ,#)6%Κ/6∗!
! ! Σ(−(−?(#∃.4!δ,#)6%Η%1(#(,5,−/(#%%∃,.Κ=∋3!
! ! Ζ,0.6Β,#1∋)ΗΒ#,4#∋−−(Κ/6∗!
! ! Ζ,0.6Β,#1∋)ΗΖ8−/,%∃0−<∋)>Κ−/Τ!
• Β#,_(51[Ηχ?_(51%∋.6Β#,5(%%!
! ! κΣβ:Αχ?_(51%Η∋.6ΗΒ#,5(%%Κ/6∗!
! ! ΦΚ,?_(51%∋%/#,5(%%Κ−,3!
! ! ∆Κ/#,5(%%∋%,?_(51%Κ/6∗!
• Β#,_(51⊥ΗΘ(6#,,−Ζ8−/9,.∃(%!
! ! κΣβ:ΑΗΘ(6#,,−Ζ8−/9,.∃(%Κ/6∗!
! ! Θ(6#,,−Ζ8−/9,.∃(%Η∀#∃%&∋##()∗%Η?,,>)(1Κ/6∗!
! ! ∀#∃%&∋##()∗%ΗΞ∋%∋∀1∋)∃∋Κ=∋3!
! ! ∀#∃%&∋##()∗%ΗΥ,1()Χ(Ι∃5∋.∋Κ=∋3!
! ! ∀#∃%&∋##()∗%Ηε,8ϑ%Σ,,−Κ=∋3!
! ! ∀#∃%&∋##()∗%Η;8∃.4;,=Κ=∋3!
! ! ∀#∃%&∋##()∗%ΗΖ,∗∋Ζ0#∗∃.47Ζ:Κ=∋3!
! ! ∀#∃%&∋##()∗%ΗΖ/)∃1β.6%Κ=∋3!
! ! ∀#∃%&∋##()∗%ΗΖ0.5(Χ,#(Κ=∋3!
! ! ∀#∃%&∋##()∗%Ηδ9∃1(δ∋1(#Α05>Α,=.Α03(1Κ=∋3!
• Β#,_(51ΦΕΗη(#,Α,1χ.(!
! ! κΣβ:ΑΗη(#,Β,∃.1χ.(Κ/6∗(
!
Ν,8,∋∃,9(.+∃,%Λ.,7(%,∋∗%9.+:#(
• :)(>%Ω,)>,=%>∃ΗβΑΚ−/Τ!
• :..(∋;,5>=,,6ΗβΑΚ−/Τ!
• :0#∋Ζ∋1ΠΗβΑΚ−/Τ!
• Θ)∋.5∋Σ(4∃.∋ΗβΑΚ−/Τ!
• Α∋3∃6<,,/ΗβΑΚ−/Τ!
• ε∋.(>Ζ59∋(∗(#ΗβΑΚ−/Τ!
• ε0)∃(+#((−∋.ΗβΑΚ−/Τ!
• Χ∃5>&#∃(#%,.ΗβΑΚ−/Τ!
• Χ∃>(Θ),=ΗβΑΚ−/Τ!
• Σ,?(#1Ξ0#4(.3(.ΗβΑΚ−/Τ!
• Σ,?∃.Σ∃−?∋06ΗβΑΚ−/Τ!
• ∃3Ξ,##∃.49∋−ΗβΑΚ−/Τ!
( (
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Σ8∗##&%Ε!
!
ϑ)∃#,2!:!?)(.6!6(%5#∃?(%!19(!,015,−(!,∗!?)(.6∃.4Λ!=9(#(!()(−(.1%!∗#,−!∃./01%!∋#(!
! 5,−?∃.(6!∃.1,!%,−(19∃.4!.(=Κ!!
∗
ϑ)∃#,∗,−(.9(52!∀.!5,.5(/10∋)!?)(.6∃.4!∋!?)(.6!6∃∋4#∋−!#(/#(%(.1%!∋!?)(.6∃.4!%8%1(−Κ!∀.!
! 19(!5,.1(Ι1!,∗!19∃%!19(%∃%!∋.6!=∃19!#(4∋#6!1,!/#,5(60#∋)!?)(.6∃.4!∋!?)(.6!
! 6∃∋4#∋−!5,.3(8%!19(!6(3(),/−(.1!,∗!∋!=,#>!,∗!%,0.6!∋#1!,3(#!1∃−(Λ!
! 6(−,.%1#∋1∃.4!19(!∗),=!,∗!#()(3∋.1!∃./01%Λ!?)(.6!.,6(%!∋.6!,01/01%!=∃19∃.!?)(.6!
! )∃.(%!∋.6!?)(.6!∗∃()6%Κ!!
!
ϑ)∃#,∗Χ−∃),2!∀.!/#,5(60#∋)!?)(.6∃.4!∋!%8%1(−!,∗!∃.1(#5,..(51(6!?)(.6!.,6(%!∋.6!?)(.6!
! )∃.(%!∃%!1(#−(6!∋!?)(.6!∗∃()6Κ!:??#(3∃∋1(6!∋%!Θ+!!!
!
ϑ)∃#,∗.)∀+∃2!:!?)(.6!4),?(!6(%5#∃?(%!∋!%8%1(−!,∗!∃./01%!/#(%(.1!=∃19∃.!∋!=,#>!∋%!∋!=9,)(Λ!
! ,∗1(.!∋%!_0Ι1∋/,%∃1∃,.%!,#!/,)∋#!/∋∃#%Λ!#(4∋#6)(%%!,∗!1(−/,#∋)!6∃%1#∃?01∃,.!Μ%((!
! +∃40#(!ΦΨ!,.!/∋4(![ΓΝΚ!∀.!19∃%!∃1!6∃∗∗(#%!∗#,−!∋!?)(.6!∗∃()6Κ!!
!
ϑ)∃#,∗)∃#72!:!1(#−!∃.1#,605(6!1,!/#,5(60#∋)!?)(.6∃.4(1,!6(.,1(!%/(5∃∗∃5!3∃(=%!,#!,19(#!
! ∗∋51,#%!19∋1!6(1(#−∃.(!19(!%()(51∃,.!,∗!∃./01%!,#!()(−(.1%!∗#,−!∃./01%!19∋1!∋#(!
! 1∋>(.!∗,#=∋#6!∃.1,!19(!?)(.6Κ!<9(%(!5∋.!?(Λ!∗,#!(Ι∋−/)(Λ!19(!#(%1#∋∃.1%!19∋1!0%∃.4!
! ∋!%/(5∃∗∃5!%,∗1=∋#(!,#!∋!5,−−∃%%∃,.!?#∃(∗!?#∃.4!=∃19!∃1Κ!β−,1∃,.%!−∋8!∋)%,!∋∗∗(51!
! 59,∃5(%Κ!:??#(3∃∋1(6!∋%!;Κ!!
!
ϑ)∃#,∗)−#∃2!:!1#∋_(51,#8!,∗!?)(.6%!∃%!5∋))(6!∋(?)(.6!)∃.(Λ!∗,#!(Ι∋−/)(!,.(!%1#∋.6!,∗!∋.!
! ∃.3(%1∃4∋1∃,.!∋%!∃1!0.∗,)6%!,3(#!1∃−(Κ!:??#(3∃∋1(6!∋%!Θ;Κ!!
!
ϑ)∃#,∗#∀,∃2!<9(!/,∃.1!=9(#(!∃./01%!#(%,)3(!∃.1,!,.(!1#∋_(51,#8!∀!9∋3(!1(#−(6!∋!?)(.6!
! .,6(Κ!<9(8!∗#(≅0(.1)8!∋)%,!∗0.51∃,.!∋%!∃./01%!1,!,.4,∃.4!/#∋51∃5(Κ!:??#(3∃∋1(6!∋%!
! ΘαΚ!!
!
ϑ)∃#,−#.∗&0∃∀922!%((!5,.5(/10∋)!?)(.6∃.4Κ!
!
Ε∀#!∃%&∋()∗+)∃#,−#.2!:!−,6()!,∗!5,4.∃1∃,.!%(1!,01!?8!&∃))(%!+∋05,..∃(#!∋.6!Χ∋#>!<0#.(#!
! Μ∆ΕΕΤΝΚ!∀1!/,%∃1%!19∋1!∃./01!%/∋5(%!∋#(!?)(.6(6!∃.1,!%,−(19∃.4!.(=!3∃∋!∋!
! %0?5,.%5∃,0%!/#,5(%%Κ!∀1!=∋%!∗#,−!19∃%!19(,#8!19∋1!∀!6(3(),/(6!/#,5(60#∋)!
! ?)(.6∃.4!∋%!%(1!,01!∃.!19∃%!19(%∃%Κ!!
!
Ε∀#!∃%&∋()∗−#&∃.9(&−∀#∗#∃&1∀934!∀.!5,.5(/10∋)!?)(.6∃.4!∋!5,.5(/10∋)!∃.1(4#∋1∃,.!.(1=,#>!
! 6(%5#∃?(%!∋!.(1=,#>!,∗!−(.1∋)!%/∋5(%Κ!
!
Ε∀##∃!&∀94!∀.!/#,5(60#∋)!?)(.6∃.4!∋!5,..(51,#!#()∋1(%!1,!19(!=∋8!∃.!=9∃59!()(−(.1%!∋#(!
! 5,..(51(6!19#,049!−∋//∃.4Κ!Υ,=(3(#Λ!∃1!∋)%,!#(∗(#%!1,!(3(#819∃.4!?8!=9∃59!
! ∃./01%!5∋.!?(!5,..(51(6Λ!?(!19∋1!%9∋#(6!()(−(.1%!∋5#,%%!∃./01%Λ!∋!19∃#6!5,.5(/1!
! 19#,049!=9∃59!,19(#%!5∋.!?(!−∋6(!1,!#()∋1(Λ!,#!/98%∃5∋)!∋51∃3∃1∃(%!%059!∋%!
! =∋)>∃.4!19∋1!/#,−,1(!5,..(51∃,.%!1,!?(!−∋6(Κ!!
!
Ε9∀77Θ,∀5(−#∗5(%%−#.2!Ζ((!−∋//∃.4Κ!!
!
Ε9∀77Θ7%(!∃∗5(%%−#.2!Ξ#,%%Η%/∋5(!−∋//∃.4!6(%5#∃?(%!∋!−∋//∃.4!∋5#,%%!−(.1∋)!%/∋5(%Κ!!
!
∗
∗
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Π)∃5∃#&2!∀.!?)(.6∃.4!1(#−%Λ!∃./01%!∋#(!−∋6(!0/!,∗!()(−(.1%Λ!%,−(!,∗!=9∃59!∋#(!1∋>(.!
! ∗,#=∋#6!∃.1,!19(!?)(.6!=9∃)%1!,19(#%!∋#(!6#,//(6Κ!+,#!(Ι∋−/)(Λ!6(%5#∃?∃.4!%,0.6!
! ∋#1!∃.!1(#−%!,∗!∋.!∃./01Λ!∃1!5,.1∋∃.%!()(−(.1%!%059!∋%!∃.%1∋))∋1∃,.!,#!/(#∗,#−∋.5(Κ!
! :??#(3∃∋1(6!∋%!βΚ!!
!
;−∃),∗9∃!∀9,−#.2!<9(!1(#−!∗∃()6!#(5,#6∃.4!6(%5#∃?(%!∋!/#∋51∃5(!=9∃59!#(5,#6%!%,0.6%!∃.!
! 19(!(.3∃#,.−(.1!#∋19(#!19∋.!∋!%106∃,Κ!∀1!∃%!0%(6!∃.!∋!3∋#∃(18!,∗!5,.1(Ι1%!∗#,−!
! 6,50−(.1∋1∃,.!1,!5#(∋1∃3(!∋//)∃5∋1∃,.%Κ!!
!
∃#∃9−!∗7%(!∃2!∀.!5,.5(/10∋)!?)(.6∃.4!19(!4(.(#∃5!%/∋5(!6(%5#∃?(%!∋!−(.1∋)!%/∋5(!=9∃59!
! 5,.1∋∃.%!19,%(!()(−(.1%!19∋1!1=,!∃./01%!9∋3(!∃.!5,−−,.!∋.6!?8!=9∃59!19(%(!
! ∃./01%!5∋.!?(!5,..(51(6Κ!!
!
;9(5∃2!∀.!5,.5(/10∋)!?)(.6∃.4!∋!∗#∋−(!∃%!0.6(#%1,,6!∋%!19(!,#4∋.∃%∃.4!5,.1(Ι1!,∗!∋.!!∃./01Κ!!
!
>#%∋&2!∀.!5,.5(/10∋)!?)(.6∃.4!∋.!∃./01!6(%∃4.∋1(%!,.(!,∗!19(!,#∃4∃.∋1∃.4!5,.5(/1%!,∗!∋!
! ?)(.6Κ!∀.!/#,5(60#∋)!?)(.6∃.4!∋.!∃./01!∃%!∋!1(−/,#∋)!5,.1∋∃.(#!=9∃59!5∋.!?(!
! /,/0)∋1(6!?8!(3(#819∃.4!19∋1!/,1(.1∃∋))8!∗),=%!∃.1,!/#∋51∃5(Λ!∗#,−!5,.5(/1%!1,!
! 5,−−∃%%∃,.!?#∃(∗%!1,!1,,)%Λ!(−,1∃,.%!∋.6!/98%∃5∋)!∃.1(#∋51∃,.%Κ!:??#(3∃∋1(6!∋%!∃γ/Κ!!
!
>#%∋&∗7%(!∃2!%((!−(.1∋)!%/∋5(Κ!
!
>#7&())(&−∀#4∗:!19#((Η6∃−(.%∃,.∋)!∋#1!∗,#−∋1!,#!4(.#(!0%0∋))8!#()∋1∃.4!1,!%/(5∃∗∃5!%/∋5(%Κ!
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